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SOME ASPECTS OF THE USE OF THE AN- 
NUAL RINGS OF TREES IN CLIMATIC STUDY 


By Professor A. E. DOUGLASS 


UNIVERSITY OF ARIZONA 


I. AFFILIATIONS 


TATURE is a book of many pages and each page tells a fas 
| . I 
cinating story to him who learns her language. Our fertile 
valleys and craggy mountains recite an epic poem of geologic con 
flicts. The starry sky reveals gigantic suns and space and time 
without end. The human body tells a story of evolution, of com 
OLe petition and survival. The human soul by its sears tells of man’s 
SF oY eis . 
socia! struggle. 
The forest is one of the smaller pages in nature’s book, and to 
him who reads it too tells a long and vivid story. It may talk in 
x dustrially in terms of lumber and firewood. It may demand 


preservation physiographically as a region conserving water sup 





—— ~ ply. It may disclose great human interests ecologically as a phase 
“ : of plant suecession. It may protest loudly against its fauna and 
parasites. It has handed down judicial decisions in disputed mat 
ters of human ownership. It speaks everywhere of botanical lan 
guage, for in the trees we have some of the most wonderful and 
, } complex products of the vegetable kingdom. 
4 The trees composing the forest rejoice and lament with its sue- 
’ cesses and failures and carry year by year something of its story 
4 in their annual rings. The study of their manner of telling the 
story takes us deeply into questions of the species and the indi 
| vidual, to the study of pests, to the effects of all kinds of injury, 
& especially of fire so often started by lightning, to the closeness of 
4 grouping of the trees and to the nearness and density of competing 
1 Address of the President of the Southwestern Division of the American 
Association for the Advancement of Science, Tucson, Arizona, January 26, 
1922, 
are 
2 = 
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vegetation. The particular form of environment which interests 
us here, however, is climate with all its general and special weathe: 
conditions. Climate is a part of meteorology, and the data whi 

we use are obtained largely from the Weather Bureau. Mu 

helping knowledge needed from meteorology has not yet been gar 
nered by that science. For example, the conditions for tree growth 
are markedly different on the east and west sides of a mountair 
or on the north and south slopes. The first involves difference of 


i 


exposure to rain-bearing winds, and the second means entirely d 
ferent exposure to sun and shade. The latter contrast has be 
studied on the Catalina Mountains by Forrest Shreve. Again, t! 
Weather Bureau stations are largely located in cities and therefo 
we can not get data from proper places in the Sierra Nevada 
Mountains of California, where the Giant Sequoia lives. Conside 
ing that this Big Tree gives us the longest uninterrupted series of 
annual eclimatie effects which we have so far obtained from a 
source, it must be greatly regretted that we have no good mode 
records by which to interpret the writing in those wonderful trees 
and, so far as I am aware, no attempt is yet being made to g 
complete records for the future. 

In reviewing the environment, one must go another step. On 
of the early results of this study was the fact that in many different 
wet climates the growth of trees follows closely and sometimes 
fundamentally certain solar variations. That means astronomical] 
relationship. It becomes then an interesting fact that the first tw 
serious attempts to trace climatic effects in trees were made by 
astronomers. I do not know exactly what inspired Professo: 
Kapteyn, the noted astronomer of Groningen, Holland, to study 
the relation of oak rings to rainfall in the Rhineland, which he did 
in 1880 and 1881 (without publishing), but for my own ease I car 
be more explicit. It was a thought of the possibility of detern 
ing variations in solar activity by the effect of terrestrial weather 
on tree growth. This, one notes, assumed an effect of the sun 
our weather, a view which was supported twenty years ago by 
Bigelow. 

But the possible relationship of solar activity to weather is 
part of a rather specialized department of astronomical scie1 
called astrophysics. And there is a great deal of help which on 
wants from that science, but which one can not yet obtain; fo. 
example, the hourly variations in the solar constant. I would like 
to know whether the relative rate of rotation and the relative tem 
peratures of different solar latitudes vary in terms of the 11-year 
sunspot period. These questions have to do with some of the 


theories proposed in attempting to explain the sunspot periodicity 
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We do not know the cause of the 1ll-year sunspot perio [ 
then is work for the astronomers. 

Yet another important contact has this study developed. The 
rings in the beams of ancient ruins tell a story of the time of bu 


ing. both as to its climate and the number of years involved and 


the order of building. This is anthropology. It will be mentioned 
on a later page. 
Viewed through the present perspective, there is one wal of 


expressing the entire work which shows more clearly its huma: 
end, a contact always worth emphasizing. If the study works ou 
as it promises, it will give a basis of long-range weather forecasting 


of immense practical value for the future and of large scientific 


value in interpreting the climate of the past. This statement of it 
carries to alla real idea of the central problem. 
Il. Yearty Ipentitry or Rivas 
The one fundamental quality which makes tree rings of value 
in the study of climate is their yearly identity. In o 
the ring series reaches its real value when the date of every ring 
ean be determined with certainty. This is the quality wi 


t+ 


often taken for granted without thought and often challenged 
without real reason. The climatic nature of a ring is its most ob 
vious feature. There is a gradual cessation of the activity of the 
tree owing to lowered temperature or diminished water supply. 
This causes the deposition of harder material in the cell walls, 
producing in the pine the dark hard autumn part of the ring. 
The growth practically stops altogether in winter and then starts 


5 " 


off in the spring at a very rapid rate with soft white cells. The 


i 


usual time of beginning growth in the spring at Flagstaff (eleva 


tion 7,000 feet) is in late May or June and is best observed by 
Dr. D. T. MaecDougal’s ‘‘Dendrograph,’’ which magnifies the 
diameter of the tree trunk and shows its daily variations. This 
spring growth depends upon the precipitation of the preceding 
winter and the way it comes to the tree. Heavy rains have a large 
run-off and are less beneficial than snow. The snow melts in the 
spring and supplies its moisture gradually to the roots as it soaks 
into or moves through the ground. There is evidence that if the 
soil is porous and resting on well cracked limestone strata, the 
moisture passes quickly and the effect is transitory, lasting in close 


proportion to the amount of rain. Trees so placed are ‘‘sensitive’’ 
and give an excellent report of the amount of precipitation. Such 
condition is commonly found in northern Arizona over a limestone 
bed rock. If the bed rock is basalt or other igneous material the 
soil over it is apt to be clay. The rock and the clay sometimes hold 
water until the favorable season is past and the tree growth de 
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pends in a larger measure on other factors than the precipitatior 
For example, the yellow pines growing in the very dry lava beds 
at Flagstaff show nearly the same growth year after year. It is 
sometimes large, but it has little variation. Such growth is ‘‘cor 

placent.’’ 

Yearly identity is disturbed by the presence of too many or 
too few rings. Surplus rings are caused by too great contrast 
the seasons. The year in Arizona is divided into four seasons, two 
rainy and two dry. The cold rainy or snowy season is from De 
cember to March, and the warm tropical summer, with heavy lo 
rainfall, oceurs in July and August. Spring and autumn are « 
the spring being more so than the autumn. If the snowfall 
winter has not been enough to carry the trees through a long dry 
spring, the cell walls in June become harder and the growing ring 
turns dark in color as in autumn. Some trees are so strongly 
affected that they stop growing entirely until the following spring. 
A ring so produced is exceptionally small. But others near 
may react to the summer rains and again produce white tissue 
fore the red autumn growth comes on. This second white-cell 


+ 


structure is very rarely as white as the first spring growth and is 
only mistaken for it in trees growing under extreme condit 
such as at the lowest and dryest levels which the yellow pines ar 
able to endure. Such is the condition at Prescott or at the 6,000 
7,000 ft. levels on the mountains about Tueson. A broken and se 
tered rainy season may give as many as 3 preliminary red rings 
before the final one of autumn. In a few rare trees growing in s 
extreme conditions, it becomes very difficult to tell whether a ring 
is formed in summer or winter (that is, in late spring or late 
autumn). Doubling has become a habit with that particular tree 

a bad habit—and the tree or large parts of it cannet be used for 
the study of climate. 

But let us keep this clearly in mind: This superfluous ring 
formation is the exception. Out of 67 trees collected near Prescott, 
only 4 or 5 were discarded for this reason. Out of perhaps two 
hundred near Flagstaff, none have been discarded for this reasor 
Neodly a hundred yellow pines and spruces from northwestern 
New Mexico have produced no single ease of this difficulty. T 
sequoias from California, the Douglas firs from Oregon, the hem- 
locks from Vermont and the Seotech pines from north Europe give 
no sign of it. On the other hand, 10 out of 16 yellow pines from 
the Santa Rita Mountains south of Tucson have had to be dis- 
earded and the junipers of northern Arizona have so many sus- 
picious rings that it is almost impossible to work with them at all. 
Cypress trees also give much trouble. 





ri 
2 








other d fficulty connected with yearly ice ity 1s ( IS 


sion of rings. Missing rings occur in many trees without lessening 


. ™ ; . ) ‘ * ‘ ’ 
value of the tree unless there are extensive intervals over which 
} 4 ’ ‘ r , ‘ " ? . 
the absel ce pre auees unecertal ty . A missing ring here ; . ( 


an be located with pertiect exactness and causes no unce 
lating. In fact, so many missing rings have been found after car 
ful search that they often increase the feeling of certainty in the 


jotting 7 ne 
Ga ng ol rings. 


Missing rings occur when autumn rings merge togeth he 
absence of any spring growth. This rarely if ever oce t 
the entire eireumference of the tree. There are a few cases 

Te e +) : > | ised. I have tr . 
which, 1f the expression may be excused, | have traced a muISSInN: 
ring entirely around a tree without finding it. I hav served 

, >  } vhicl the 1} , r rine ha hee ' dent in les 
many cases In which the missing ring has een eviden 1 [@S8S 
10 per cent. of the circumference. Some are absent in only a smal 

; 
part of their eireuit. | have observed change in tl res ¢t at 
different heights in the tree, but have not followed that line of 
studv further. It is beautifully shown in the longitudinally 
Ss ed tree 

One sees from this discussion what the probable errors 
n mere counting of riz rs. In the first work on the vellow p eR 
the dating was done by simple counting. Accurate dating in the 


same trees (19 of them) later on showed that the average error 
n counting through the last 200 years was 4 per cent., due prac 


tically always to missing rings. A comparison in seven sequoias 


+ 


between very careful counting and accurate dating in 2,000 years 
} P ‘ Pre ra 2 + , Pr ye . )° ¥e . } > | "7 
SHOWS an average counting error otf ov years, whiend 1s oO} 1.7 
per cent. 

Full confidence in yearly identity really comes from another 
souree. The finding of similar distribution of large and small 


lely seattered 1 S 


rings in practically all individuals of wi 
trees over great periods of time has been evidence enough to make 
us sure. This comparison process of groups of rings in different 
trees has received the rather clumsy name of ‘‘cross-identificati: 

Cross-identification was first successful in the 67 Prescott trees, 
then was carried across 70 miles to the big Flagstaff grou; 
it was found to extend 225 miles further to southwestern Colorado 
with extreme accuracy, 90 per cent. perhaps. This is over 

of more than 250 years. Catalina pines from near Tueson have a 
00 per cent. likeness to Flagstaff pines. There are many points of 
similarity in the last 200 years and many differences. Santa Rita 
pines are less like the Flagstaff pines than are the Catalinas. In 


comparison with the California sequoias, differences become more 


common. The superficial resemblance to Arizona pines is 5 or 10 








¢ 


10 THE SCIENTIFIC MONTHLY) 


per cent. only. That is, out of every 10 or 20 distinctive r 
with marked individuality, one will be found alike in Califor 
and Arizona. For example, A. D. 1407, 1500, 1580, 1632, 1670 
1729, 1782, 1822 and 1864 are small in Arizona pines and Calif 
nia sequoias. While only a few extreme individual years thus 
match, there are correspondences in climatie cycles to which att 
tion will be ealled later. 

Cross-identification is practically perfect amongst the sequoias 
stretching across 15 miles of country near General Grant Natio 
Park. Trees obtained near Springville, some 50 miles south, sho 
50 to 75 per cent. resemblance in details to the northern gro 
This was far more than enough to carry exact dating betwe 
these two localities. Cross-identification in some wet climate groups 
was extremely accurate. A group of 12 logs floating in the 1 
mouth at Geffle, Sweden, showed 90 to 95 per cent. resemblance 
each other. The range was 100 to 200 years and there were 
uncertain years at all. The same was true of some 10 tree sectio 
on the Norwegian coast and of 13 sections cut in Eberswalde 
Germany. A half dozen sections cut in a lumber yard in Mu 
did not eross-identify with each other. A group of 5 from a lumber 
yard in Christiania was not very satisfactory. The vast majority 
however, have been absolutely satisfactory in the matter of cross 
identification. Nothing more is needed to make the one ring a y 
ideal perfeetly sure, but if there were, it would come in such tests 
as frequently oecur in checking the known date of cutting or bor 
with a set of rings previously dated. That has been done on ma 
occasions in Arizona and California. To give final assurance 
record in the yellow pine was compared with statements of good 
and bad years, and years of famine, flood and eold, reported 
Bancroft’s ‘‘History of Arizona and New Mexico,” and it was 
found that his report identified with the character of the growt}] 
the corresponding years of the trees. 

Three results may be noted before leaving this important sub- 
ject. Deficient years extend their character across country w 
more certainty than favorable years. <A deficient year makes 
individual ring small compared to those beside it. Large rings 
on the other hand, are more apt to come in groups and so do not 
have quite the same individuality. Nor are they as universal 
a forest. If they occur at a certain period in one tree, the chances 

are about 50 per cent. that the corresponding years in the neighbor 
ing trees will be similarly enlarged. If, however, a very small 
ring occurs in a tree, the chances are over 90 per cent. that t! 
neighboring trees will show the same year small.” 

Second, with many groups of trees where the resemblance | 


AM tomar 
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tween their rile 


I] s re ‘el ly well for a en 
such as 0 Will answer! extremel il ioral 


v vive valuable ana reliable results. But the « 
tree has larger growth and is less sensitive than the 
Its character is somewhat different lo get a 
sentation through several centuries, therefore, it is better to 
bine younger trees with older ones to get a mor 
record of climatie conditions. 
The third thought is this. The spreading of a certain character 
over many miles of country stamps it in almost every case as ¢ 
matic in origin, because climate is the common environment 0 


large areas. 
III. NwumBer AND LOcATION oF TREES 

The whole number of trees used is nearly 450 and includes 
eone-bearing trees from Oregon, California, Arizona, New Mexico 
Colorado, Vermont, England, Norway, Sweden, Germany and Bo 
hemia. The total number of rings dated and measured is well over 
100,000. The average ages found in these various trees are very 
interesting. The European groups reach for the most part about 
90 years, although one tree in Norway showed 400 years of age 
and 15 were found beginning as early as 1740. The Oregon group 


of Douglas firs goes back to about 1710, the Vermont hemlocks 


1umber of 


reach 1654, the Flagstaff yellow pines give a 
records from about 1400. 

The oldest trees, of course, were the great se judlas from the 
Sierra Nevada Mountains in California. They were found to have 
ages that formed natural groups, showing probably a climatie 
effect. There are very few under 700 years old (except the young 
ones which have started since the cutting of the Big Trees). A 
number had about that age. The majority of the trees scatte1 
along in age from 1,200 up to about 2,200 years, at which age a large 
number were found, one or two were found of 2,500 years, one of 


2,800, one of 3,000, one at just under 3,100, and the oldest of all 


> 


just over 3,200. The determination of this age of the older sequoias 


7h) 
ru 


in the present instance is not merely a matter of ring counting, 
depends upon the inter-comparison of some 55,000 rings in thirt) 

five trees. In 1919 a special trip was made to the Big Trees and 
samples from a dozen extra trees obtained in order to decide the 
ease of a single ring, 1580 A. D., about which there was some doubt. 
and it was apparent that the ring in question stood for an extra 


roc Tm ~ . . . ° , 
year. This was corrected and it now seems likely that there is no 


2 This success in cross-identification applies to the groups examined . 
recent group of coast redwoods from Santa Cruz, California, present a mult 
tude of difficulties. 
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mistake in dating through the entire sequence of years, but if not 
correct the error is certainly very small. 


IV. TopPpoGRAPHY 


The late Professor W. R. Dudley of Stanfora University in his 


charming essay on the ‘‘ Vitality of the Sequoia’’ refers to the fa 


that the growth of the Big Trees depends in a measure on the 


presence of a brook near by. This agrees with my own obse 


tions. Size is far from a final indication of age. The General 


Grant tree which has no running water near it and is the larvest 
in the Park of that name, has a burnt area on one side in w 
the outer rings are exposed, allowing an estimate of its av 
rate of recent growth. From much experience with the way 

9 


sequoia growth is influenced by age, it was possible to assign 


years as the approximate time it took this giant to reach its pres 


ent immense diameter of close to 30 feet. But about three 1 s 


west near a running brook is a stump which is over twenty-five 


/ 


feet in diameter, but is only about 1,500 years old. That . 
effect of contact with an unfailing source of water. 
Perhaps the most general characteristic which stands out 


the different groups of dry-climate trees is a close relationship of 


this kind between the topography and the growth produced. |! 
that reason, I have visited the site of every dry-climate group 
indeed have examined the stumps of almost every tree 
collection. 

[It was found that dry-climate trees which grew in basins 


a large and constant water supply, and this refers especially t 


the sequoias, usually produced rings without much change in size 


from year to year. This character of ring is called ‘‘complace 
The opposite character is the ‘‘sensitive’’ ring where a decided 
variation is shown from year to year. Sensitive trees grow 01 
the higher elevations where the water supply is not reliable 


the tree must depend almost entirely on the precipitation during 


each year. Such trees grow near the tops of ridges or are ot 
wise separated from any collection of water in the ground. In 


case of the basin trees, one could be sure that a ring was produced 
every year, but owing to the lack of individuality in the rings for 


certain years, it was difficult to compare trees together and pro- 
duce reliable data. In case of the sensitive tree growing it 
uplands there was so much individuality in the rings that nearly 
all of the trees could be dated with perfect reliability, but in ex 
treme cases the omission of rings in a number of trees required 


special study. Of course, these cases were easily settled by co! 


parison with other trees growing in intermediate localities. 


rine 


tie 














THE ANNUAL RINGS OF TREES l 


Trees growing in the dry climate of Arizona at an alt di 
where they have the utmost difficulty in getting water to pro 
long life become extraordinarily sensitive. In the same tree or 
finds some rings several millimeters across and others microscopic 
in size or even absent. 

In order to express this different quality in the trees a criterion 
ealled mean sensitivity is now under investigation. It may be 
defined as the difference between two successive rings divided by 
their mean. Such quotients are averaged over each decade or 
other period desired and are believed to depend 
relative response of the trees to climatic influences. The great 


sensitiveness of the yellow pines as compared with the best 


sequoias is evident in any brief comparison of dated specimens 
V. INSTRUMENTS 

In the course of this long attention to the rings of trees and in 
studying such a vast number of them, special tools to secure ma 
terial and to improve and hasten the results have very naturally 
been adopted or developed. One goes into the field well-armed, 
carrying a flooring saw with its curved edge for sawing half across 
the tops of stumps, a chisel for making numbers, numerous paper 
bags for holding fragments cut from individual trees, a reeording 
note book, crayon, a shoulder bag, camera and especially a kindly, 
strong-armed friend to help in the sawing. In the last eightee: 
months the Swedish increment borer has been used extensively to 
too tough. It has previously been considered that the little slender 
cores, smaller than a pencil, so obtained, would hardly be worth 
working on. But the method of mounting them has been raised 


get records from living pine trees. Hard woods and juniper are 


to such a degree of efficiency, and the collection of material be 
comes so rapid that the deficient length and the oceasional worth 
less specimen are counterbalanced. Besides, it is often easy to sup 
plement a group of increment cores by some other form of spec 
men extending back to greater age. The Mount Lemmon group, near 
Tueson, has eight cores giving a good record from about 1725 to the 
present time; a saw cutting from a large stump in Summerhaven 
carries the record back 150 years earlier. It should, however, be 
supported by at least one more long record and this ean be done by 
the tubular borer described next. 

The tubular borer was designed especially for the dried and 


sometimes very hard logs in the prehistoric ruins. It works well 
on pine trees and junipers. It gives a core an ineh in diameter. 


wun in 
the increment borer cores which are only one fifth of that diameter. 
The borer is a one-inch steel tube with small saw-teeth o1 


rn one 
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yr 


end and a projection at the other for holding in a common brac: 
A chain drill attachment is also provided to help in forcing 
drill into the wood. The difficulty with this borer is the disposa 


+} 


of sawdust and the extraction of the core. For the former, 


separate hole is bored with a common auger just below the c 
(if in an upright tree) and in advance of it to catch the sawdust. 
The core is broken off every three inches and pulled out to m: 
more room for the sawdust. To extract the core a small steel 
is provided with a wedge at one end and a screw at the ot! 
One- and two-foot tubes are carried so that it is possible to re 
the centers of most pine trees. It would not be difficult to devel 
an instrument much more efficient than this and it should be do: 
Soon a borer will be needed to pass through a 35-foot tree or 
sound the depths of the great Tule trees of southern Mexico. 
The tools just mentioned are technical, yet in no sense cor 
plex. A measuring instrument has just been completed whose | 
fulness will be extensive and whose details of construction are too 
complex for present description. It is for measuring the widt] 
rings. It makes a record as fast as one can set a micrometer th: 
on successive rings. The record is in the form of a plot draw 
in ink to seale on coordinate paper so that the values can be 
off from it at onee for tabulation. This form of record was 


sired because individual plots have long been made to hel 


lecting the best trees and in studying their relation to topography 
The instrument as constructed magnifies 20, 40 or 100 times, 
desired. It can be attached to the end of an astronomical telese 
and used as a recording micrometer capable of making a hundr 
or more settings before reading the values. It seems possible tl 
it will have other applications than the ones here mentioned. 
Another instrument of entirely different type has been deve! 
oped here since 1913. Its general principle has been published a 
will not be repeated, but in the last three years it has been entirely 
rebuilt in a more convenient form through the generosity of Mr 
Clarence G. White of Redlands. This instrument is now known as 
the White Periodograph. It could be called a eyeloseope or cyclo 
graph. Its purpose is to detect cycles or periods in any plotted 
curve. It differs from previous instruments performing harmo) 
analysis in that it is designed primarily to untangle a complex 
mixture of fairly pronounced periods while others determine th 


constants of a series of harmonic components. For example, t! 
periodograph can be applied to a series of rainfall records to fi 
if there are any real periods operating in a confused mixture. 

is also designed to get rid of personal equation and to get results 
quickly. The instrument as reconstructed is far more convenie1 


i 
Z 
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d accurate In use al d has already given im} ortant 1 sults. It 
enables one to see characteristics im tree grov th variation which 
are not V isible to the ul aided eve. It IS spe cially i ! Cad { to 
vive what I have called the differential pattern or cyclogr: beeause 
this pattern not only tells the periods or evcles when p operly 
read but shows the variations and interferences of cycles a DOs 
sible alternative readings. Tests on the accuracy of solutions by 
this instrument show that its results correspond to 


liyt? 


least square SOLUTIONS. 


VI. CORRELATIONS 


+ 


It is no surprise that variations in climate ca 


erowth rings of trees, for the tree ring itself is a climatic product 

y . od » rT ] ‘ } , 

It is an efieet Of seasons. The geologists use the absen ol ngs 
; M ; ] ++ +} + , ; 

In ecertalm primitive trees aS an mmaication nat no seas ; existed 


certain early times. Whatever may have been the cause of that 
absence, we recognize that the ring is caused primarily by changes 


in temperature and moisture. Now if successive years were exactly 


alike. the rings would be all of the same size with some alteration 
with age and injury. But successive years are not alike and in 


1 


that difference there may be some factor which , 
to the tree. In northern Arizona, with its limited moisture and 
great freedom from pests and with no dense vegetable population 
this controlling factor may reasonably be identified as the rainfall. 
If the trees have all the moisture they can use, as in north Europe 
about the Baltic Sea ana other wet climates, we look for it in some 
thing else. It could be—I do not say that it is—some direct form 
of solar radiation. It could be some special combination of the 
ordinary weather elements with which we are familiar. Shreve 
has studied this phase in the Catalinas. If the abundance of mois 


ture is so great as actually to drown the tree, then decrease in ra 
fall which lowers the water table below ground will be favorable. 


A faet often forgotten is that more than one factor may ent: to 
the tree rings at the same time, for example, rainfall, temperature 
and length of growing season. These may be isolated in two ways 
We may select a special region, as northern Arizona, where nature 
has standardized the conditions, leaving one of them, the rainfal 
of especial importance. Or we may isolate certain relationship 


as In any other investigation, by using large numbers of observ: 


tions, that is, many trees, and averaging them with respect to or 
or another characteristic. For example, I can determine the mean 
growth curve of the Vermont hemlocks and then compare it sepa 
rately with rainfall and solar activity, and | may, and do, find 
response to each. For that reason, I have felt quite 


seeking first the correlation with moisture. A temperature 
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relation doubtless exists and in fact has been noted, but its less 
minute observance does not lessen the value of the rainfall re 
tionship. 

The first real result obtained in this study was in 1906 whe: 
became apparent that a smoothed curve of tree growth in northe: 
Arizona matched a smoothed curve of precipitation in southe: 
California since 1860. That degree of correlation is now extensivel) 
used in the Forest Service. This was followed almost at once by 
noting a strikingly close agreement between the size of individu 
rings and the rainfall for the corresponding years since 1898, w! 
the Flagstaff weather station was established. The more detail 
comparison between rainfall and ring growth was made with Pres 
cott trees in 1911. Some 67 trees in five groups within ten miles 
of Prescott were compared with the rainfall at Whipple Barracks 
and Prescott which had been kept on record since 1867. The result 
was very interesting. For most years the tree variations agree 
most exactly with the rainfall but here and there is a year or ty 
of disagreement. The cause of these variable years will somet 
be an interesting matter of study. Taken altogether the accura 
of the tree as a rain-gauge was 70 per cent. But a little allowa: 
for conservation of moisture raised the accuracy to 85 per cent 


which is remarkably good. The actual character of this conser, 
tion is not evident. At first thought it might be persistence 
moisture in the ground, but the character of the mathemat 
formula which evaluated it allowed a different interpretat 


namely, that in a series of poor years the vital activity of the t 
is lessened. During the dry period from about 1870 to 1905 
so, the trees responded each year to the fluctuations in rainfa 
but with less and less spirit. This lessening activity took place at 
a certain rate which the meteorologists call the ‘‘accumulate 
moisture’’ curve. This suggested that the conservation was 

tree itself. There is much to be done in this comparison betwe 
tree growth and rainfall, but the obstacle everywhere is the lac 
of rainfall records near the trees and over adequate periods o! 
time. The five Prescott groups showed that in a mountai) 
country nearness was very important. But the nearest records 1 
the sequoias are 65 miles away and at 5,000 feet lower elevatior 
The best comparison records for the Oregon Douglas spruce 

25 miles away. It is so nearly everywhere. The real tests must 
be made with records nearby. 

In 1912 while attempting to test this relationship of tree growt! 
to rainfall in north Europe, I found that the Scotch pines sout! 
of the Baltic Sea showed a very strong and beautiful rhyth 
matching exactly the sunspot cycle as far back as the trees ex 


¢ 
; 
j 
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tended, which was close to a century. The same rhythm was ¢' 
dent in the trees of Sweden, and perhaps more conspicuous 
spruce than pine. Near Christiania the pines were too var 

to show it, but it reappeared on the outer Norwegian coast. To 
the south near the Alps it disappeared, and in the south of EK 
land it was uncertain but probably there. In this country it show 
prominently in Vermont and Oregon, but the two Americ 
maxima come one to three years 1n advance of the sunspot max a 
There is evidently an important astronomicai tionship w 
meaning is not yet clear. It is to be noted that it ars in regions 
whose trees have an abundance of moisture and it thus appears to 


be a wet climate phenomenon. 
But the correlations do not stop at rain and sunspot periodicity. 


} . . 


The pines of northern Arizona which are so sensitive to rainfall 
show a strong half sunspot period. And on testing it one finds that 
the rainfall does the same and that these variations are almost cer 
tainly related to corresponding temperature variations and to 
solar period. Thus, the Arizona trees are related to the weather and 
the weather is related in a degree at least to the sun. Thus we fi 
evidence in forest trees that the 1l-year sunspot period prevails i: 
widely different localities and in many places constitutes the major 
variation. This introduces us to the study of periodic effects 
reneral. 
VII. Cycues 

Considering first that cycles as we have just shown are revealed 
in tree growth, second, that the trees give us accurate historic ree 
ords for hundreds and even thousands of years, and third, that 
simple cycles or even some more complex function could give a 
basis for long range weather forecasting, we recognize the vital 
importance of this elemental part of the story told by the trees. 
t was exactly for this purpose that the periodograph was designed 
and constructed and some ten score curves have been eut out for 
analysis, after minute preparation of the very best yearly values. 
In fact the major time for two years has been given to this prepara 
tion of material. It is hardly done yet, but it is far enough along 
to anticipate its careful study in the near future. Our present 
view may be profoundly modified, but it is safe to say that the sun 
spot cycle and its double and triple value are very general. The 
double value, about 22 years, has persisted in Arizona for 500 
years, and in some north European localities for the century and 
a half covered by our tree groups. The triple period, essentially 
Briickner’s eyele, has operated in Arizona for the last 200 vears 
and in Norway for nearly 400 at least. A one-hundred year cycle 
is very prominent throughout the 3,000 years of sequoia record and 
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also in the 500 years of yellow pine. An hypothesis covering 
these sunspot multiples will be tested out in the coming months. 
Should a real explanation be found a step will have been mad 
toward long-range prediction and an understanding of the rela 
tionship of the weather and the sun. Other periods, however, thar 
the multiples of the sunspot period do occur and general analysis 
shows that different centuries are characterized by different cor 
binations of climatic cycles. This suggests to us a great and int 
esting problem. If we can establish the way in which different 
regions act and react at the same time, then it may become possib| 
to determine the age of an ancient buried tree by finding the co: 
bination of short cycles its rings display and then determining 
when this combination or its regional equivalent existed in 
historic measuring tape, the great sequoia. 

VIII. Preuistoric Records IN TREES 

A new method of investigating the relative age of prehisto: 
ruins has been developed in connection with this study of climat 
by the growth of trees, and is being applied to the remarkable ruins 
at Aztec, in northwestern New Mexico, with its 450 rooms, now 
process of excavation by the American Museum of New York Cit; 
The ceilings were built of tree trunks placed across the width of 
the rooms. Smaller poles were laid across these beams and covered 
with some kind of brush and a thick layer of earth. The beams 
used in this ceiling construction are almost entirely of yellow pin: 
or spruce and for the most part are in good condition. Many 
the rooms have been hermetically sealed for centuries. The beams 
which have been buried in dust or adobe or in sealed rooms a1 
well preserved. Only those which have been exposed to the 
are decayed. 

In 1915 Dr. Clark Wissler of the American Museum of 
sections of such beams for special study of the rings, knowing the 
writer’s work upon climatic effects in the rings of trees. This offer 
was gladly accepted, and some preliminary sections were sent 
once from the Rio Grande region. These first sections showed that 
the pines and spruces were far better than cedars for determi: 
climatie characteristics. 

The next lot of seetions came from Aztec and was cut from 
loose beams which had been cleared out of the rubbish heaps. Six 
of these sections cross-identified so perfectly that it was evident 
that they had been living trees at the same time. This success led 
to my visit to Aztec in 1919 and a close examination of this won- 
derful ruin. It was at once apparent that an instrument was nec 
essary for boring into the beams to procure a complete sample of 2 
the rings from center to outside, and that the process must avoid 





ym 








injuring the beams in any way. Such an instrum 
veloped in the tubular borer as already described. This tool 
+ ll ¢hoa } 


sent to Mr. Morris and during 1920 he bored into all the beams a 


Aztee then available and sent me the cores. 

These cores, together with other sections of beams too frail for 
boring, finally represented 37 different beams in some 20 different 
rooms seattered along the larger north part of the ruin. Prae 
tically all of these show similar rings near the outside, and by 
eounting to the last growth ring of each it was easy to tell the 
relative dates at which the various timbers were cut 

In order to help in deseribing given rings in these various see 


Paw « srtor rat} er 


tions, a purely imaginary date was assumed for a certai 


large ring which appeared in all the timbers. This was called R. 
D. (Relative Date) 500, and all other rings earlier or later are 
designated by this system of relative dates. Many interesting re 
sults were evident as soon as the various relative dates were com 
pared. In the first place, instead of requiring many hundreds of 
years in construction as any one would suppose in looking at the 
ruin, the larger part of it was evidently erected in the course of 
ten years, for the dates of cutting the timbers found in the large 
north side include only eight or nine years. The earliest timbers 
cut were in the northeast part of the structure. The later timbers 
are at the northwest, and it is evident that the sequence of build 
ing was from the easterly side to the westerly side, ending up w 
the westerly end and extending toward the south. 

In one place beams from three stories, one over the other, were 
obtained. The top and bottom ceiling timbers were cut one year 
later than those of the middle ceiling, showing that in vertical 
construction the three floors were erected in immediate succession. 
A floor pole from Pueblo Bonito was cut one year later than the 
latest beam obtained from that ruin. 

An even more interesting fact was soon after disclosed. A study 
of the art and industries of neighboring ruins had satisfied Mr. 
Nelson and Mr. Morris of the American Museum that some of the 
ruins in Chaco Canyon, some 50 miles to the south, were not far 
different in age from those at Aztec. The only beams immediately 
available from the Chaco Canyon ruins had been collected in the 
Pueblo Bonito ruin 25 years before by the Hyde expedition. Accord 
ingly sections were cut from seven beams which this expedition 
had brought back to New York City. One of these sections was a 
cedar and has not yet been interpreted, but the others were imme 
diately identified in age both among themselves and with reference 
to the Aztee timbers. It was found that these Pueblo Bonito beams 
were cut within a few years of each other at a time preceding the 
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cutting of the timbers at Aztee by 40 to 45 years. Many of th 
timbers of each ruin were living trees together for more than 
one hundred years and some even for two hundred years, and there 
seems no possible doubt of the relative age here determined. This 
result showing that a Chaco Canyon ruin was built nearly a half 
century before Aztec is the first actual determination of such a 
difference in exact years. A single beam from Pefiasco, some 14 
miles down the Chaco Canyon from Pueblo Bonito showed that its 
building was intermediate between Pueblo Bonito and Aztec. 

Another association of growth rings with prehistorie deposits 
has rapidly developed in the last two years. In 1904 the writer 
discovered an Indian burial at a depth of eight feet in a cultivated 
field near Flagstaff, Arizona. A skeleton and two nests of pottery 
were revealed by a deep cut which a stream of water had mac 
through the land. Near the burial was an ancient pine stump 
standing in place 16 feet underground. The tree was later dis 
covered by a neighbor and became part of a bridge support. Th 
Indian remains were given away except a red bowl of simple pat 
tern and a good piece of black and white ware which is now in the 
Arizona State Museum. In 1920 the search for these buried trees 
was resumed and more than a half dozen in excellent preservation 
were found at depths from four to twelve feet. Mr. L. F. Brady 
of the Evans School gave most important help in getting out sec- 
tions of these. In the summer of 1921 he again resumed the search 
and found several more buried trees and especially determined 
several levels at which pottery and other Indian remains ar 
plentiful. These buried trees have been preserved by their pitch 
and show here and there quantities of beautiful little white needle- 
shaped crystals, which Dr. Guild has discovered to be a new mineral 
and to which he has given the name ‘‘ F lagstaffite.’’ 

Several conclusions are already evident in the study of these 
buried trees. In the first place they supply much desired materia! 
from which some data regarding past climates may be obtained. 
The trees buried most deeply have very large rings and a certain 
kind of slow surging in ring size. Both of these features are char 
acteristic of wet climates. The stumps at higher levels show char- 
acters common in dry climates, that is, general small rings and a 


certain snappy irregularity with frequent surprises as to size. 
This variation with depth gives 4 strong intimation of climatic 
change. The cycles dominant at these different levels also may be 
read from these sections and are likely to prove of great value. 
In the second place this material will help in determining the 
age of the Indian remains and perhaps even of the valley filling 
in which these objects were locatea. There are several ways of 
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vetting at this which will take time in working out but there is 0 
inference immediately evident. One log was buried only e 


inches, yet its rings do not tally with the 500 years of well dete 


mined rings of modern trees in that neighborhood. Allowing about 
a century for the sap-wood lost from the buried tree and a half 
eentury more necessary to detect cross-identity, we have an ap 


proximate minimum of 300 years for that foot and a half of depth. 
The age of Indian relics at four and even nine feet must be very 
considerable. 

These then are the first results of the application of the genera 
study of tree rings to archeological work and suggest further pos 
sibilities. Not only does it seem probable that this beginning of 
relative chronology of the wonderful ruins of the Southwest will 
be extended to include other ruins in this region, but this study of 
the prehistoric writing in trees will help in the clearer under 
standing of the climatie conditions which existed in those earlier 
times when the largest bona fide residences in the world were being 
built. 

IX. CONCLUSION 

The economic value of this study of tree rings and climate is 
to be found in the possibility of long-range weather forecasting. 
In non-economic terms we are trying to get the inter-relationships 
between certain solar and terrestrial activities by the aia of his 
torical writing in the trees. The work is not done; a wide door is 
open to the future. Hence it is impossible to make an artistic con 
elusion. There is no real conclusion yet. Some definite results 
have been reached and they encourage us to hope for larger re 
turns in the future. Through this open door we can see attractiv 
objectives looming above us and we note the outlines of some of the 
hills to be surmounted. To climb these metaphorical hills we need 
groups of trees from all parts of this country, from numerous spe 
cially selected spots and areas, from distant lands; we need ancient 
tree records from Pueblo ruins and modern Hopi buildings, from 
mummy case and viking ship, from peat-bog and brown-coal mine, 
from asphalt bed and lava burial and from all ancient geologic 


trees in wood and stone and coal. We need measuring instru 
ments, workers, museum room for filing and displaying specimens. 
And we need great quantities of climatic data obtained with special 
reference to tree comparison. With all this and with a spirit be- 
hind it, we shall quickly read the story that is in the forest and 
which is already coming to us through the alphabet of living trees 
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VARIABILITY VS. UNIFORMITY IN THE 
TROPICS 


By Professor STEPHEN SARGENT VISHER 


INDIANA UNIVERSITY 


T is commonly stated that tropical climates are extremely 
i form. This is only partly true. They indeed have compar 
tively slight seasonal variations in temperature and in the lengt 
of day and night, and large areas have rather steady winds muc!l 
of the time. But continual emphasis upon the uniformity 
tropical climates is misleading because there are important var 
tions in temperature and wind, while the rainfall of the lower | 
tudes appears to be more variable on the average than the rainfall 
of higher latitudes. There likewise appears to be more variati 
in storminess and in rapid change of air pressure than in higher 
latitudes. 

Recent field investigations (financed by the Bishop Museun 
of Honolulu and Yale and Indiana Universities) in Hawaii, F 
tropical Australia, the East Indies, the Philippines and tropical! 
China, and examination of official meteorological records concern 
ing these areas and others have disclosed interesting evidences o! 
tropical variability and have convinced me that the conventional 
statements, based on averages, are sufficiently misleading to make 
it worth while to emphasize the climatic variability occurring 
the tropics. 

The small seasonal contrasts in temperature which are char 
acteristic of the tropies are perhaps the chief reason why the im 
pression has been gained that tropical climates are uniform in other 
respects. Another reason for this common belief is the fact that the 
climatic data concerning the tropies are chiefly available in the 
form of averages. Averages by themselves are very misleading 
and should be supplemented as soon as possible by statements as 
to extremes, and as to normal extert of departure from means. 

Although the average seasonal range in temperature is indeed 
small in low latitudes as compared with middle latitudes, there is a1 
appreciable seasonal contrast in latitudes more than 10° or 15 
from the equator. Indeed some parts of the tropics have about 


as great a seasonal range of temperature as certain especially uni- 


hha a 


form parts of higher latitudes. This is illustrated when the averag 
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(Cancer), it shines upon the southern tropie (Capricorn) less 
nearly vertically by 4 degrees than upon the Arctic Circle. Th: 
latitude of New York receives much more heat from the sun o1 
June 21 than does the equator, for not only is the sun six degrees 
more nearly vertical than at the equator, but moreover the days 
are almost four hours longer. 

Although on the average tropical regions show less contrast 
seasonal change of temperature than do middle latitudes, the 
verse is true in respect to daily range. The night has been eal 
the winter of the tropics. The daily range is considerable 
lower latitudes, although it is less in the more humid regions t} 
in the more arid. On the average it is distinctly greater than the 
normal range in higher latitudes. This is due to two chief 
fluences: Day and night are more nearly equal in length, 
hence there is a closer balance between the duration of the heat 
and cooling periods than occurs in higher latitudes, where 
nights are too short in summer for marked cooling and 
days are too short in winter for effective heating. The oth 
great cause is the higher average temperature, since the escape 
of heat varies as the fourth power of the absolute temperatur: 
This means that normally there is much greater cooling per noc 
turnal hour wherever the day-time temperature is high than wher 
it is low. A third reason why the diurnal range averages greate 
in low latitudes (below 30°) is that a larger proportion of the area 
is arid or semi-arid than is the ease in middle latitudes. 

In the tropies the nights often become so cool that conside: 
able discomfort results. Even in an insular climate like that oi! 
Suva, Fiji (latitude 18°S.), in spite of the wind blowing off th: 
sea, and a rainfall of over 100 inches fairly evenly distributed 
throughout the year, it commonly becomes so cool at night that 
the sensitive residents wear wraps if they walk out late in t! 
evening. Indeed, even the heavy army overcoats are frequentl) 
worn with comfort at night and in the early morning during the 
cooler season. In drier parts of the tropies, the nights becon 
much cooler than in a humid locality like Suva. On the dry wes‘ 
ern sides of the Fiji Islands, for example, temperatures below 
40°F. have been recorded near latitude 16° close to sea level, an: 
in dry continental areas frost is not unknown near sea level, as 
for example within 20° from the equator in Australia and Africa. 

Another type of marked cooling in the tropics is the sudde 
drop; often as much as 6° or 8°F., which occurs in thunder-storms 
which are very frequent in many parts of the tropics, far cor 
moner on the average than in higher latitudes. Sometimes, as 
when hail falls in quantity, the temperature-drop is much greater 
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Hail storms are not very rare in some tropical localities. For ex 


smple. ten hail storms were reported in ten years in latitudes 13 
to 16 SS... near sea level in the Northern territ - 4 Australia. 
Three hail storms occurred in Panama (latitude 9°) in a twelve 
year period. 

Cold snaps of still other types occur within the tropies. For 
nstance, eold winds sometimes sweep down from hicher latitudes 
and bring low temperatures surprisingly near the equator. Zero 


temperatures have been officially recorded in subtropical Northern 


pi 
Florida (lat. 30° N.), and a temperature of only 10° above zero 
F. has oeeurred on the Gulf Coast of Mexico in latitude 2514,° N. 
Central coastal Queensland is subjeet to ‘‘severe frosts’’ during 
four months in the year within 21° of the equator, while freezing 
temperatures have occurred even in the day time in southeastern 
Asia in latitude 22° at sea level. Still farther south, on the China 
Sea near Manila, latitude 15°, for example, northerly gales in win 
ter occasionally make overcoats welcome even in the day time. 
Similar cold snaps oecur in the cooler months in other tropical 
localities such as the Hawaiian Islands, Jamaica and Fiji. Indeed, 
remarkable as it may seem, the Weather Bureau reports a snow 
flurry practically at sea level at Mahukona, Hawaii (lat. 20° 11 
lasting ten minutes on December 29, 1921. Perhaps even more 
surprising is the great cooling reported as not rare in winter on 
the coast of Venezuela, in latitude 10° N. Director Ugueto, of the 
Cajigal Observatory, announces that gales from the north off the 
sea occasionally bring temperatures of 45° F. or even less, in the 
day time, lasting a number of days. They are not associated with 
thunderstorms, for the sky is clear at the time. 

Because of the sensitiveness of the residents of the tropics to 
low temperatures, chills and colds often develop and sometimes 
pneumonia. Many observers have been impressed by the abund 
ance of coughs and catarrh in the tropics. They may be more 
common there than in Canada. Indeed there is considerable truth 
in the saying that ‘‘cold causes more suffering in the tropies than 
in polar or subpolar regions.’’ 

Now as to the winds: Five chief sorts of variation within the 
tropics merit attention: (1.) Even when the direction is fairly 
constant, there is a marked diurnal variation in velocity. Calm 
nights are the rule in trade wind deserts and nearly calm nights 
are common elsewhere on the land except upon exposed elevations. 
Likewise at sea, while the diurnal range is less than on land, it is 
notable. For example, Tetens reports a diurnal range of over 50 
per cent. in the velocity of the wind at Samoa. In higher latitudes, 


while the wind frequently dies down at nightfall, and normally 
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weakens, windy nights are by no means uncommon, and very fr 
quently the wind is stronger by night than by day. In the tropics 
windy nights occur on lowlands only during the passage of rath 
rare severe cyclonic storms. Moreover, disturbances of an inte: 
sity which would give strong nocturnal winds in middle and hig] 
latitudes cause only moderate winds at night at low elevatio 
in the tropics. This is due to the influence of the comparatively; 
great decrease in vertical convection at night in low latitudes 
caused by the greater cooling of the surface air than of the over 
lying free air. It is for this reason also that even relatively steep 
barometric gradients in monsoonal regions permit a marked dying 
down of the surface winds at night. 


(2.) Seasonal as well as diurnal variations in the velocit 


of the trades are common. ‘‘ Half Gales’’ are characteristic of | 


the New Hebrides and many other South Pacifie groups in t! 
spring months, and even ‘‘whole gales’’ are frequent during 
northeast ‘‘monsoons’’ in the China Sea during winter. On 
other hand, in other months calms or light breezes are the 
when the doldrums migrate past, as they do twice each year 
the seasonal change in the altitude of the sun. Along the marg 
of the tropies calms likewise occur when the extra-tropical 

of high pressure migrates equator-ward in the cooler season. 

(3.) There is a radical seasonal change in the directior 
the Trades when they cross the equator; those crossing from 
north change from east-northeast winds to northwest, due to 
deflective effects of the earth’s rotation. Consequently 
places near the equator have easterly winds much of the y 
calms while the doldrums are migrating past, and westerly w 
when the doldrums are situated in higher latitudes on their 
of the equator. Then, as the sun returns equator-ward, calms 
easterlies recur. 

(4.) Another evidence of tropical variability is that land ; 
sea breezes are more characteristic of the lower latitudes than 0! 
the higher. This is because the contrast in the temperature 
land and water averages greater in low latitudes. Indeed w! 
in middle and high latitudes sea breezes are rare except during 
the hottest weeks, in many parts of the lower latitudes they occ 
almost every day in the year, and give a wind régime which is very 
different from the constant easterly trades supposedly characte! 
istic of the tropics. The monsoons are a special type of land a: 
sea breezes, since they blow towards the land for many consecu- 
tive weeks during summer, and in the opposite direction in winte 
While produced by temperature contrasts of extra-tropical regions, 
the monsoons are most strongly felt in tropical latitudes (below 
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20°) and give large and important regions a sharp seasonal con- 


8 trast in wind directions. Between the winter and the summer 


monsoons, there commonly is a spell some weeks in length when 


the winds are irregular and often light. After they | 


on in direction they often fluctuate notably in velocity from day t 
lay as well as between day and night. 

ly 5.) Although winds due to cyclonic disturbances do not occur 

es so frequently within the tropics as in higher latitudes, they are 

T sienifieant. The ‘‘boxing of the compass,’’ during which the wind 

Pp comes from every direction in turn, occurs many times a year in 


most parts of the tropics, while oceasionally cyclonic gales or even 
violent hurricanes oeceur. Official Japanese daily weather maps 


and annual summaries of storm tracks show an average of over 


fifty tropical eyclonie disturbances a year in east longitudes 115 

145°, while a study of the Australian daily weather maps for 20 
years shows an average of over 30 a year in similar longitudes 
south of the equator. Thus in less than one seventh of the cireum 
ference of the earth there are over 80 eyelonie disturbances in ar 
average year. This is, however, the stormiest sector. 

Mention should be made of thunder squalls which are, on the 
average, more violent in low latitudes than in higher latitudes and 
more frequent. In addition, several regions in subtropical lat 
tudes experience tornadoes or similar storms. Thus it is evident 
that there is considerable variation in respect to winds in the 
tropics. 

n} Variations in rainfall have perhaps even greater significance 
than variations in temperature or wind. The indications are that 
ls in respect to dependability of precipitation, the lower latitudes are 
notably less fortunate than are middle latitudes. In order to com 
pare the variability of rainfall in the tropical half of the globe with 
that of the higher latitudes, I have inspected the official records 
for many cities in both zones. The selection was impartial, being 
of determined solely by whether or not the data were available. The 
comparison is between the greatest and least annual precipitation 


officially recorded before a recent year. The length of the record 


, varies, but in general it is shorter in low than in higher latitudes 
and henee tends to lessen the apparent range in lower latitudes. 

ry 5 Tables 3 and 4 give the figures to the nearest one tenth of an inch. 
er = It will be noticed that the maximum amount of rainfall received 
nd ; in a year was less than twice the minimum for Chicago, Christiania. 
cu- J Edinburgh, Ottawa, Paris, Pekin and Tokio, and only a trifle more 
0 4 than twice the minimum in the case of Amsterdam, Berlin, Berne. 
ns, : London, New York, Petrograd, St. Louis, Vienna and Wellington 


i 
i 


ow = \.Z. Very few middle or high latitude cities appear to have ex- 
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perienced three times as much precipitation in their wettest | 

as in their driest. Madrid, Washington, D. C., and Vladivost 
are exceptions as are some cities in southern Europe, while Hot 
Tasmania, Buenos Aires, Rome and San Francisco are not 
for having received about four times as much. However, n 
geographers class Buenos Aires, Rome and San Francisco as s 
tropical. Furthermore, Madrid and Vladivostock have an ay 
rainfall of less than 20 inches, and thus are more subject to ! 
percentage changes than is the case where the normal rainfall is 


larger. 
TABLE 3 
EXTREME ANNUAL RANGE IN RAINFALL IN Mip-LATITUDI 
Average Driest V 
City Latitude Rainfall Year 

Amsterdam 52° N. 27.3 in. 17.6 in 
Berlin . 53° N. 23.0 14.3 
Berne a? 36.3 24.7 8 
Buenos Aires 35° 8. 36.8 21.5 80.7 
Chicago 42° N. 33.5 24.5 $5.9 
Christiania. ro 60° N. 22.5 16.3 7 
Edinburgh a eS 25.2 16.4 2 
Hobart . . 43° 8S. 23.7 13.4 { 
London ........ ‘ §1° N. 24.0 18.2 8 
Madrid : ’ . 40° N, 16.2 9.1 7 
New York ee, 2.5 8.8 
Ottawa 45° N, 33.4 6.4 
Paris . ee 86 lM 21.9 16.4 
Pekin — 40° N. 24.4 18.0 
Petrograd ene le 21.3 13.8 
Rome oe ws 32.6 12.7 
San Francisco ——e_,  § 22.8 9.3 8 
eo ws 86.) & 7.4 23.4 y 
Naas a eens ..... 36° N. 59.2 "45.7 77 
Vladivostock vere 43° N. 19.5 9.4 
EK Le 8s 24.5 16.5 
rt 43.8 18.8 
Wellington, N. Z. we 48° GB. 49.7 30.0 67 


Turning now to the lower latitudes: Among 20 scattered cities 
selected impartially, in no case was the officially recorded rain! 
of the wettest year less than twice that of the driest. Only in ‘ 
eutta and Caracas did the ratio fall as low as 2%4. In Johannes 
burg it was 214 times as great, and in Durban, Hongkong and N 
Orleans it was 234. In Colombo and Honolulu it was about 
Bombay, Buenos Aires and Manila each about 314; in Madras 
in Brisbane and Singapore 5; and in Rio de Janeiro 13.4. All t 
cities have a normal rainfall of 30 inches or over, and the 


for the group of cities is 55.6 inches in contrast with a mea! 
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90 5 inches for the cities of Table 3. Since percentage fluctuations 


tend to become smaller as the total rainfall increases, the great 


fnetuations experienced by these tropical cities are all the more 
notable. 
TABLE 4 
EXTREME ANNUAL RANGE IN RAINFALL IN LOW LATITUDES 
Av ige D Wettest 
City Latitude Rainfall Year Year 
=! Remba' 19° N. 71.1 in. 33.4 in 114.9 in 
" Brisbane 27° S 45 6 16.2 88.3 
Caleutta 22° N. 62.0 39.4 89.3 
aieutta 
eee 11° N. 30.0 23.7 17.4 
(Colombo 7 N. 83.5 1.6 139.7 
Durban , 29° § 40.8 27.2 71.2 
Hongkong 22° N. 84.1 45.8 119.7 
Honolulu 21° N. 31.3 14.6 15.0 
Johannesburg 26° 8. 31.6 21.7 50.0 
Madras 13° N. 49.0 18.5 88.4 
Manila . . _ 15° N. 76.3 35.7 117.0 
7 Naples 41° N. 34.0 21.7 56.6 
p New Orleans 30° N. 55.7 31.1 85.7 
i Rio de Janeiro ....................... 23° 8. 46.8 1.7 63.5 
Ss pore . , g° 92.0 32.7 158.7 
If tropical and subtropical cities having an average rainfall 
of less than 20 inches are included in the comparison, even more 
i violent ranges are disclosed. For example, Cairo, Egypt and San 
Diego, Calif., each received about 61% times as much rainfall in 
their wettest year as in their driest; Athens 7 times; Helwan, 
¥ Egypt, 18 times; and Onslow, W. Australia, 47 times as great. 
7.9 None of the cities of Table 4, except Singapore, happens to be 
close to the equator, the necessary data for other equatorial cities 


‘gi not being readily available. However, extreme fluctuations occur 
almost under the equator even on oceanic islands. At Malden 
Island (lat. 4° 1’ S.; long. 154° 58’ W.), for example, the annual 
totals of rainfall have varied from 3.95 inches in 1908 to 63.41 
inches in 1905. At Oceanic Island (lat. 0° 52’ S.; long. 169° 35’ 
sta E.), nearly 2,000 miles west of Malden Island and within a degree 
| of the equator, the range has been between 19.61 inches in 1909 
and 158.93 in 1905 (141.12 in 1911). There was likewise a range 


’ 

<a of from 74 rainy days in 1910 to 232 in 1911. Upon the Hawaiian 

7 3 Islands, Puuhela, on Maui, (lat. 2034° N.; long. 156% W.) re- 
» ceived only 2.46 inches of rain in 1912, but received 33.14 inches 

pes S in 1918, Many other Hawaiian stations show a somewhat similar 
. » range, and the rainfall of the group as a whole is characterized 
3 by the government meteorologist as **extremely unreliable.’’ 

ve ‘- The great variability illustrated by these three mid-Pacifie Is\- 


ands is the more notable because insular climates are commonly 
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thought to be exceptionally uniform, particularly if nea 
equator and not dominated by near-by continental masses, 
within hurricane regions. None of these three is in a hurricane : 
gion, all are far from land and two are close to the equator. 

So many other regions in low latitudes experience an undeper 
able rainfall that it seems unnecessary to more than mention t 
famines produced by droughts in India and in southern Chi) 
or the destructive floods in the same countries. Tropical Austral 
has perhaps even worse droughts and floods and is saved from ter 
rible famines only by the sparseness of the population and the skill 
used in reducing the losses to a minimum. The annual variatior 
at Onslow in tropical West Australia, for instance, was from 0.57 
inches in 1912 to 26.96 in 1900, and the average variability from 
year to year in that region has been about 50 per cent. of the aver 
age rainfall. 

Exeessive falls in short periods afford other illustrations of the 
uncertainty of rainfall. In tropical Australia, on more than 46) 
days in a 25-year period more than 10 inches of rain fell in 24 
hours according to official records, while in temperate Australia 
there have been very few recorded instances of such heavy rai: 
falls—none in Victoria or South Australia and only two in Tas 
mania (Max. of 18.1 inches in three days). In tropical Australia 
more than 20 inches has been officially recorded as falling in 24 
hours on 42 different days, and more than 30 inches on four ocea 
sions. The maximum was 35.71 inches at Crohamhurst, Queens 
land, Feb. 2, 1893. However, 60 inches fell in three consecutive 
days at Mt. Molloy, Queensland, and there have been many 48-hour 
periods when more than 25 inches fell. 

At Suva, Fiji, it frequently happens that more than 10 inches 
of rain falls within 24 hours; there were 4 cases in the 7-year 
period 1906-12. The maximum has been 26.5 inches in less thar 
four hours on August 8, 1906. 

What is believed to be the world’s record for officially meas- 
ured rainfall in 24 consecutive hours occurred near Manila or 
Feb. 14-15, 1911 (1,168 mm., 46 inches). The other stations at 
which this maximum has been approached are also in low latitudes 
namely, Cherrapunji, India, June 14. 1876, 40.8 inches; Silver Hil! 
Jamaica, 57.5 inches in 48 hours; Funkiko, Formosa, 40.7 inches 
on Aug. 31, 1911, and at Hononu, Hawaii, 31.9 inches, Feb. 20 
1918. 

With such sharp annual and daily extremes as these, it is rea 
sonable to expect great monthly extremes. At Malden Island 
mentioned above, for example, the range in officially recorded rain 
fall from 1890 to 1918 was as follows: 
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TABI 

MONTHLY VARIATION IN RAINFALL aT MA n ] 
January g 
February ( )o7 
March fré 0.15 ‘ r 
April from 0.47 { 
May from 0.29 
June fre 0.00 
July fro ( ’ 
August ! 0.18 
September from ( 
October from 0.04 
November tre _ 
December fro! 04 . 


The four months, November, 1891, to February, 1892, received 
a total of only 0.72 inches, while the four months, January to 
April, 1915, received over 60 inches. The number of rainy days 
per year varied from 30 to 144. 

At Oceanic Island, likewise, the monthly ranges are extreme. 
Within a nine-year period, February, March, April and November 
have each received 0.1 inches or less and also 21.3 inches, 28.9, 
27.6 and 15.5 inches, respectively, and falls of 0.7 inches or less in 
May, August, September, October and December are to be con 
trasted with falls of from 12 to 19 inches received in other year 
in those same months. 

The Philippines show scarcely less violent extremes. In th: 
16-year period, 1903-18, 42 of the 70 stations had a total of about 
160 months with no rainfall, while the wettest months at about 
half the stations exceeded 40 inches of rain, and had less than 20 
inches in the case of only 8 stations. This variation is only partly 
seasonal, for a month which is very dry one year may be exces 
sively wet another. Severe and widespread droughts, with over 
100 days without rain, are contrasted with destructive floods 
caused by rainfalls of more than 20 inches in a day or two. 

Even at Hilo, on the wet side of Hawaii, where the rainfall 
averages 139.4 inches a year and is relatively dependable, a 13 
year period shows that the monthly amounts have varied widely, 
January from 0.5 inches to 38.6, February from 1.9 to 32.5 inches, 
March 2.9 to 45.4, April 3.7 to 25.1, and December from 1.7 to 
27.8 inches, for example. 

That the great variation from year to year in rainfall dis 
cussed in the foregoing pages is not local is suggested by various 
data. For example, the average rainfall of the entire Hawaiian 
group (150 stations) was more than twice as great in 1919 as in 
1918 (112.9 in. vs. 54.5 in.). Likewise in the Philippines during 


the droughts such as that referred to in a preceding paragraph, 


nearly all of the 70 stations are affected similarly. 
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Another type of variation in rainfall which is prominent 
the tropies is the seasonal. Very few tropical localities receive 
their rainfall as evenly distributed throughout the year as 
common in many parts of middle latitudes. Distinct wet and dr 
seasons are the rule. The rainy summers and dry winters of Ind 
and China are well known. Most of tropical Australia also receives 
almost no rain for six months and from 15 to 50 inches or more 
Hawaii and many other places near 1 


the other six months. 


margins of the tropies receive much of 


while still other parts of the tropics have two wet and two 


their rainfall in wint 
seasons. 

In order to compare the monthly variability of rainfall in 
and middle latitudes, a planimeter measurement was made ; 
Supan’s map of Percentage Range of Mean Monthly Rainfall 
Bartholomew’s Atlas of Meteorology. 
(1) where the wettest month is less than 10 per ce 
(2) where the wettest 


This map shows four typ 
of regions: 
rainier than the driest month; 
from 10-20 per cent. rainier than the driest; (3) where the rar 

is from 20-30 per cent; and (4) where it is over 30 per cent. Tabl 
6 and 7 show the approximate area and the percentage of ea 
type by continents. Table 6 concerns middle latitudes (30 


60°) ; Table 7 concerns low latitudes (30° N. to 30° §.). 


month 


TABLE 6 


PERCENTAGE RANGE OF MEAN MONTHLY RAINFALL, LATITUDES 30° To 6 





Range less than Range Range Range « 
10 per cent. 10-20 percent. 20-30 per cent. 30 per 

Mil. Sq. Mi. % Mil. Sq. Mi.% Mil. Sq. Mi.% Mil. Sq. M 
Europe ...... 1.77 65 88 34 .03 1 0 
North America 2.06 43 2.62 54 14 3 0 
South America 23 26 55 60 13 14 ( 
,  widdnaiandine 22 3 2.65 34 3.75 49 1.1 
Africa ........ .05 15 .23 44 47 41 0 
Australia 36 47 .40 53 005 6 0 
Total and Means.. 4.70 26 7.34 42 4.42 25 1.1 


TABLE 7 


PERCENTAGE RANGE OF MEAN MONTHLY RAINFALL, LATITUDES 30° N. To 


Range less than Range Range Rang 
10 per cent. 10-20 percent. 20-30 per cent. 30 per 

Mil. Sq. Mi.% Mil. Sq. Mi.% Mil. Sq. Mil. % Mil. Sq. M 
North America 0 0 .46 39 .70 61 0 
South America....... .12 2 4.91 76 1.31 21 .04 
Asia 10 2 .96 23 2.56 60 63 5 
Africa 0 0 2.28 20 8.86 78 21 
Australia 16 7 .63 28 1.32 59 13 f 
East Indies...... .43 36 72 63 01 1 0 r 
Total and Means.. .81 3 9.76 38 14.76 55 1.01 ; 
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’ 4 } 


It will be seen that low latitudes have over three times as large 


area possessing a monthly variability of over 20 per cent. as 


= the ease in mid-latitudes and twice as large a percentage of their 
total area has this range. The one large area in mid-latitudes 
having the fourth, the most extreme, type of rainfall variability 


T 


‘s the Tibetan Plateau, which has little agricultural value because 


of its great altitude. Furthermore, the month of least precipita 
tion in mid-latitudes commonly is in the winter when plants require 


} 


little moisture while the wettest month usually is in summer. On 


the other hand, the driest month of the tropics is also a hot month, 
with active evaporation. This unfortunate combination is very 
hard on plants, and is the reason for the lack of forests in many 
places having a large annual rainfall. For instance, parts of 
tropical Australia having over 60 inches of rai nossess no 
real forest because several months are extremely dry and hot. 

In respect to the more uniform rainfall type, where the range 


between the driest and wettest month is less than ten per cent. 
mid-latitudes have nearly six times as large an area as low lati- 
tudes. This type comprises about 26 per cent. of the total land 
area of mid-laditudes while it makes up only 3 per cent. of low 
latitudes. Other interesting comparisons come out on further 
study of these tables. 

Why should the lack of marked seasons in respect to temper- 
ature be emphasized and the presence of marked seasons of rain 
fall be largely ignored by most writers on the tropics 

Another climatie factor subject to marked changes is stormi 
ness. Cyclonic storms are erratic in all parts of the world but 
the extremes appear to be greatest in low latitudes. The range 

the number of hurricanes damaging Australia, for example, has 
been from one hurricane in 1907 and 1919 to seven in 1916 and 
eleven in 1912. In Fiji some years have none, but several years 
have had three each and one year four. In the South Indian 
Ocean the variation reported by the Mauritius Observatory has 
been from one storm in 1900 to eight in 1894 (and several other 
years) and to thirteen in 1913. In the Philippines in a 15-year 
period the number of very severe typhoons varied from one it 
1916 to seven each in 1908 and 1911. In respect to less violent 
cyclonic storms there appears to be a somewhat similar range. For 
example, the total number of well-marked tropical cyclones oceur 
ring in Queensland, Australia, varied from eight in 1920 to 24 
in 1916. In respect to the month of occurrence, as well as in a 
nual frequency, there likewise is marked irregularity. In s 
years cyclones may be lacking during the months when thev nor 
mally are most frequent and occur only in months supposed to | 


VoL. XV—3 
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free from dangerous storms. Of thunder storms also 
marked variation, perhaps more than in higher latitudes 
stations in Fiji and elsewhere have experienced several 1 
many in one year as in another. While many hurricanes 
companied by appalling lightning, other equally severe 
have none. 


4]}xr ¢a] 
Liy 


Slight changes of weather are almost constan 
in the tropies. <A rainy spell will be succeeded by a less 
or by a few rainless days; a hot spell by a slightly cooler 
spell of fitful breezes, by several days of steady w 
changes have been noticed by the writer in Jamaica, Hay 
Philippines, the East Indies, Queensland and elsewhere, 
been especially studied in Fiji. There, a study of the 
records taken at Suva reveals an average of about 20 d 
of weather well distributed throughout the year, vy 
many less distinct changes. 


+ 


In conclusion, when all these types of variation oe 


right to give the impression that tropical climates are ext 


uniform? But although tropical climates are not so un 
has been supposed, it does not follow that they are better 


to civilized man than has been supposed. Most of the var 
within the tropies‘is of a highly irregular sort compared w 
variability characteristic of the parts of the higher latit 
civilized man mostly lives. Indeed it appears that tropical ¢ 
are unfavorable for a high type of civilization not alone 


of the high temperatures and the general lack of stimulat 


ne 
i 


sonal changes in temperatures, but also because of the oft 


treme undependability of the rainfall, the occurrence not 
} 


quently of destructive windstorms and other unfavorable 


tions. But, nevertheless, highly civilized man can cope wit 


numerous problems of the tropics far better than can 


people. Indeed, the latter, unaided, have made little pr 


Hence fuller utilization of the tropical resources await 


participation by civilized man. 





Ram. 
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THE POSSIBILITIES OF EXTERMINATING 
INSECTS 


By Dr. E. P. FELT 


STATE ENTOMOLOGIST OF NEW ORK 


HIS is a special phase of the war against insects, the general 
T aspects of which have been discussed in such an illuminating 

| very suggestive manner by Dr. L. O. Howard, chief of the 
Wederal Bureau of Entomology, in his address as retiring presi 
lent of the American Association for the Advai 
Dr. Howard has given in this account a most excellent, summary 
of the broader phases of insect eontrol. though. for some reason. 
possibly heeause he knew of the writer’s interest therein. he re 
frained from discussing exterminative measures or the possibilities 
of eradicating isolated infestations. 
1h] 


This is something of considerable practical importance on ae 


count of the fact that more than half of our most injurious insect 
pests have been introduced from abroad and the process is still 

ng on in spite of the widespread and, as a whole, well directed 
Horticultural Inspection Service of the general government and the 
various states. This latter work has undoubtealy prevented the es 
tablishment of a number of injurious insects and delayed the intro 
luction of others, though occasionally we find a destructive pest well 
established in a section and in the ordinary course of events 
destined to extend its range and possibly inflict very serious losses 
over a considerable period of years. 

The Gipsy Moth, the Brown-Tail Moth, the Elm Leaf Beetle, th 
Leopard Moth and the recently introduced Japanese Beetle are 
somewhat familiar examples in the eastern United States, while 
the south has become altogether too familiar with the Boll Weevil, 
the Pink Boll Worm and very lately the Mexican Bean Beetle. 
There is, in addition, the r cently introduced European Corn 
Borer, now beyond any possibility of extermination so far as this 
hemisphere is concerned, though at one time it must have a 
within possibilities. We are also confronted in the early history 
of the Gipsy Moth with the futile attempt of the state of Massa 


cnusetts to exterminate the insect, while late r developments dem 


(@) **On Some Presidential Addresses’’: ‘Th. U 
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onstrated beyond question the practicability of accomplisi 
at one time appeared to many as an unattainable ideal. 

It must be conceded at the outset that problems of this 
are surrounded by manifold diffieulties and that, withir 
limits, each case must be decided upon its merits. In the first 
it is exceedingly difficult to determine the future status o 
sect before it has become well established and thus pres 
ineradicable, unless some unusual limitation makes exter 
relatively easy. Granting that there is substantial 
among scientific men as to the desirability of exterminat 
species, the great problem of educating the public to \ 
matter from the right standpoint and thus make possib! 
euring of means to prosecute a vigorous campaign still 
be solved. Furthermore, initial operations, if the 
is to be successful and conducted in the most econon 
must ordinarily be started before successful measures | 
thoroughly demonstrated. There is always an element of 
in regard to the possibility of serious injury, the feas 
extermination and the methods to be employed, conseqi 


not easy to secure a combination which will bring about 


results. On the other hand, there is practical agreement 


most scientific men familiar with the work of insects to 
that extermination, when possible, is immensely cheaper 
desirable than the prosecution of more or less unsatisfactor 
trol measures in a constantly expanding infested territory. 
Earlier attempts to exterminate insects were based lare 
some plan designed to eateh or kill the last remaining inse 
ferably within a year or two and certainly within a few y 
Some have even advocated reducing the infested territory t 
tically desert conditions in such a manner as to make all 
life at least impossible. This latter is undoubtedly possible 
case of very restricted infestations and may be justifiea if 
is an exceedingly destructive or dangerous one. It is out of 
question if an extended area is infested or the insect one 
is not particularly dangerous to life and does not threaten a 
crop or industry. Most cases come in this latter category 
therefore do not justify extreme or drastic measures. 


It seems to the writer that the method of progressive reduct 


if one may use a special term, has not received the considerat 
it deserves, and yet it has been the method which has brought 


about extermination of Gipsy Moth colonies in areas well remo 


was to bring about conditions unfavorable for the multiplicat 


from the generally infested territory. The plan in such a 


of the inseet and, by following up the matter from vear to 
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INSECTS 





EXTERMINATING 


ventually reduce the numbers of the pest so greatly natura 
t at ‘ *. ‘ . 
ents or hazards actually bring about extermination. It is inter- 


ting n this connection to review the work of the earlier days 
acainst the Gipsy Moth when a systematic and very costly effort 
ade to find every egg mass in woodlands as well as on im 


Was mi 
nroved grounds and destroy them by hana, trees being climbed and 
walls taken down and relaid in the search for the last egg mass. 
[his was supplemented by spraying the foliage in the infested area 


nd banding the trees for caterpillars. Later de veiopments have 


shown that much of this laborious egg hunting ean be eliminated 
hy a system of spraying and eutting out low bushes or favored 
, | plants. Conditions are thus changed to such an extent that 
the insect is unable to maintain itself and eventually disappears. 


Apparently, because insects are small and under certain condi 
tions exceedingly abundant, we have failed to ee allowance for 
the results following a great reduction in the number of indi 
viduals, especially if this be continued year after year. The matter 
is of more than passing importance, because there is a possibility 
of making practical application of the principles involved and ob- 
taining at a relatively moderate cost resula which might eventuate 

. large savings by eradicating injurious species before they had 
an opportunity of establishing csaihies over extended areas. 

It may be held that the Gipsy Moth is in a class by itself and 
to a certain extent this is true. Nevertheless, until this method has 
been widely tested with a variety of insects, no one is in a position 
to state that it is impracticable. Even a casual study of injurious 
insects shows marked loeal variations in abundance. These must 
be due to some cause, and in many instances they are Muaties asso 
eiated with agricultural practices or differences in natural cor 
tions. The detection of such unfavorable conditions and the bring 
ing about of similar modifications in areas where insects are de 
structive, is one of the opportunities of the economic entomologist 
and, as stated above, there is a probability of the same principle 
being applied successfully to the extermination of recently intro- 
duced injurious insects, provided the infested area is not too large. 


This last is not necessarily an insuperable difficulty. It may simply 


te 


mean a better organization and an extension of operations over a 
longer period of time. 
If we turn from the field of entomology to the broader realm 


( 


f zoology, and consider what has occurred in the ease of larger 
forms, we may find some very suggestive hints. It should be noted 
in this connection that in not a few instances the apparently im- 
| self 
interest and not through carefully directed cooperative efforts for 
the attainment of a definite aim. 


possible has been brought about by the irresponsible urge of 
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One of the most striking instances of this kind is 
mination of the Passenger Pigeon, a bird at one time so 
abundant that three carloads a day were shipped from o 
Michigan town for a period of forty days. The Great Auk 
Labrador Duck and the Pallas Cormorant have passed into | 
The Whooping Crane, the Trumpeter Swan, the Americ 
mingo, the Heath Hen and Sage Grouse are representat 
series of valuable and interesting birds doomed, in the op 
of Dr. Hornaday, to early extermination. 

Large herds of Buffalo were saved from extinction at 
moment through the intervention of naturalists 
serving the wild life of the country. The Prong-Horned <A) 
the Big-Horn Sheep, the Mountain Goat and the Elks are t: 
the same path as the Buffalo. 

The depleted salmon, shad and herring fisheries, the 1 
of protecting both the oyster and the lobster and the great s 
of certain whales have been brought about by artificia 
though it would seem as if inhabitants of the water would 
better chance for escape from a persistent human ¢ 


would be the case with terrestrial forms. 


+ ye ] + ] — +37 4 lots 
| is true taa these unio? lnate COonaltions 
throuch specifie peculiaritie » limits = Se ee 
through specie pecullarities or iimitations which made 
*t , tye 2) ; nl lx, wd . . ] A... 9 , 
certain points particuiariy eifective, such as Kliling birds 
. 
Toratineg » 3 oa : . 4 ‘ +} - 
migrating or in their nesting retreats or the wholesale 
. —_ ’ . 
spawning salmon. ihose a pendent n ii ce me S 


living upon some of these forms could not b 


prolificaey of the species would not offset almost any 

man or other agents. Are we not unconsciously assu: 
because insects are apparently innumerable, systemat 
eral measures continued over a series of years are foredo 
failure? It by no means follows that immense nu 
impossibility of control or extermination. 


peril is sometimes necessary 


The stimulus of a deadly 


onstrate the practicable. This has oceurred in the case oi 
fever and, while the inseet earrier was not exterminate 
soon found entirely possible to greatly reduce the breeding 


‘day mosquito’’ and by a combination of mosquito cor 


ures and preventing insects from gaining access to infect 
disease was actually eradicated. The deadly peril of plague 
Pacifie Slope drove home the lesson that safety lay in rat 
tion and that this latter coula be accomplished only by a s 
neous attack upon the rat, its food supply and habitations. 


r* arr) } . : . 
was carried to the extent of exterminating rats over cons 


city areas. Given adequate incentive, there appears to 








EXTERMINATING INSECTS 


i tH ant 


tieal reason why rat extermination could not be extended 


ties or smaller communities through systematic repressive 


CliLics 


he permissible to allude to the so-called Rodier method of rab 


and rat control, which depends simply upon systematic trapp 
and destruction of the females ana the liberation of the males, 
« e an excess of the latter, it is claimed, results in exterminat 

oer near extermination due to persistent persecution by the ma 
of the constantly decreasing number of females. It is base 


the utilization of well-known habits to bring about self destrue 
or The species. 


The studies of bark beetles by Dr. H PKInNS Dave snow 


possibility of securing very efficient control by simply 


their numbers, in some instances by 75 per cent., to such an exte 
that those remaining would be unable to overcome the natural 
sistance of the tree. This applies to enemies of living trees 


supposes that a minimum amount of injury must 
the attack can be successfully resisted. Were the 
eentive, it might be possible to go further wiih cert 
inseets and bring about local extermination. 

A conerete application along 


or recent years by the United States Biol ?wieal Survey to dest 


predatory animals such as wolves and coyotes and thus eliminat 
large measure the very heavy losses of western stock growers. 
work is organized on a cooperative basis with states and local ass 
ciations and as a consequence losses have been p lly 

over great areas of the most valuable sun 

ranges and reduced in others to very small amounts compared \ 
earlier years. The practical value of such work is e need 
the fact that interested states, in order to cooperate with 


ernment, appropriated over $200,000.00 for the fiscal year of 1922, 
in addition to increased contributions by stockmen as individuals 
and through their organizations. Already areas have been cleared 
or partly cleared of the pests and it would seem from the prog: 
made entirely possible to exterminate the most destructive of the 
animals throughout the more important stock-raising areas 

and this through the well directed efforts of a relativ ly smal] 

ber of individuals. 

The systematic destruction of prairie do 
four million acres of public lands being ‘‘lare ‘ly freed’’ from 
these pests. There has also been very effective work against pocket 
gophers and rabbits. It is within possibilities to make local an 
almost complete eradication absolute and thus in the course of yea 


ree large areas from serious pests. 











extending over a series of years. In this connection, it may 


-_ } +] 
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The work of W. F. Fiske upon the Tsetse Fly has sho) 
it is only necessary to reduce the infestation by this pest 
erate limits in order to secure a very satisfactory degree « 
dom from the deadly sleeping sickness. The studies of Ri 
upon malaria in France indicate an intimate connection b 
this infection and the number of mosquitoes per host. The 
suggests what he calls animal prophylaxis, that is, the imp: 
of enough eattle in certain areas to attract the insects 
protect man to a large extent. The keeping of rabbits 
advocated more recently as a protection from malaria, 
be regarded as a variant of Roubaud’s plan. All are 
percentage reduction, a step which under certain con 
be continued to the vanishing point, at least, so far as the 
is concerned. 

Turning to the Acarina, we note the progressive ext: 
of the Cattle Tick from nearly 500,000 square miles of t 
and the consequent elimination from this area of a very s 
infection. It was apparently an impossible undertaking unt 
decisive factors were ascertained. In this connection, it 1 
stated that gratifying progress has been made in demor 
methods of controlling the Rocky Mountain spotted fi 
earrier of a deadly human infection. Even now plans are 
ress to test the possibility of actually exterminating war! 
from large areas. This is somewhat different from the tick 
sition. It appears to be within possibilities and is cer 
a thorough test. 

The history of the larger animals shows a number < : 
extermination or near extermination as a result of co 
verse conditions, and in historie times this has been due 
systematic hunting or fishing, and usually it has been ec 
restricted portion of the range, though in some instances it 
at a period which would permit the maximum reduct 
species, namely, just before the breeding season. 

The mere fact that a species occurs in immense numbers 
not make extermination impossible, though it may greatly 
the period during which adverse influences must operate 

[t is evident from a study of insects and an examination of 
factors resulting in the extermination of larger animals, 
tively minor changes in environment or well organized attacks 
limited to relatively few individuals or to comparatively rest 
areas, may accomplish the apparently impossible. 

[t is also evident that the elimination of a certain residuu 


safely be left to the operation of various natural causes. This | 


is an extremely important factor in any attempt to extermi! 
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nsects, since it is usually impossible to destroy the last lividual 
to bring about conditions over an infested 


area of some extent 
hich would make the existence of insect life impossible. 


In view of the above, we believe that the problem of 


ermination should receive most careful consideration and as Op- 
portunity offers, tests or demonstrations should be undertaken in 
order to obtain more trustworthy data relative to possibilities in 


this line of repressive work. 
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CITY PARKS AND PLAYGROUNDS AS 
HEALTH AGENTS 


By Dr. JAMES M. ANDERS 


PHILADELPHIA, PA. 


fe necessity for providing sufficient city parks and 
spaces, including parkways and garden-streets, has been | 
appreciated by students of municipal sanitation and the truly 
lightened part of the general public. We owe the existe: | 
organized bodies for the purpose of promoting these agencies 
of which have been founded within the last half century, 
few leaders in the matter of community health and welfare 
in civie advancement. As the result of their well-directed 
considerable progress has been made in the important direct 
providing an adequate proportion of open spaces in rel 
the density and aggregate of municipal populations. Efforts 
arouse public sentiment upon this vitally important question 
ever, should have received far greater encouragement than tl 
in the past. 

In this connection it should be recollected that in co 
of the free immigration of inferior races our national 


has shown up to now a slow and gradual retrogression. | 





time that an intelligent, concerted effort be made with 


iit vilil Lie 


purpose of arresting this physical decadence and, more t} 

of beginning a new advance. To the student of hygienic and s 
tary principles the sources of bodily and moral efficiency are 
obscure, and with the aid of sufficient popular support he 
dicate the remedies for the cure of the existing state of things 
reference to our physical deficiencies. 

It will not prove difficult to show the connection of city 
and playgrounds with racial progress due to improvement 1 
national physique. Indeed, it is not too much to claim th 
appreciation of the beneficial effects of these breathing and 
spaces of our cities would speedily lead to the acquisition o! 
areas and the development of land owned by cities for par 
play purposes; this would mean a distinet advance in city building 
with reference to such questions as the number of houses to 


acre, their proper grouping, and the extent of open spaces bet 


units, as well as in street tree planting, all of which qu 





affect the health and strength of the community, 


} roattea 
nereait& r. 


The thirtieth annual report of the City Parks Associat 
Philadelphia sets forth the role played by the United State 
ernment in physical demonstration of town plam 
scale carried into execution in several localities, notably Yorkshiy 
Wilmington, 


war. Here was established a standard 


Portsmouth, 


would have required a much longer period of 


H.., 


and 
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eration at least—to attain to 


all 


| 








of Bournville, England, as compared with a war 


»} > 1 —_ 
Girls, St. Bartholomew 


; Boys sournvi 
' RB 1} 
ovs, St. Bartholomew 


£ 


feet back of 


fiuences for rood. 


Girls, Bournville 


the street 


Wright Crawford on 


he quotes from a book by 


8 


s 


tion of this statement 1s 


to inerease real estate values, 


to 


AS 


eonnection with the future building 


grow hygienic and moral conditions whi 
In 


were models of city planning 


: 

otner wore 
} Pi 

yr the ete 


but 


HEALTH 


Del., 


c 


In peace times. 
ected to such government regulations as building 
line, fewer houses 
space between adjoining houses, sixteen feet 
It is to be hoped that this example set by the 
be lost. but will serve to inaugurate an era 
city building throughout our broad land. 
izens to see to it that modern town 
° towns 01 


it is that out of appropriate town planning, as necessar 


| 
en 


would be 1 
also and 


advance the essentials of human health and happ 


in 


‘*War Suburbs and 


only twenty minutes away 


HEIGHT 


Ward 


Girls, St. Bartholomew’s Ward 





Charles Cadbury, 


plan tends to strengthen and stabilize re 


pended; they show the effect on children 


$1.9 
44.2 
41.7 


An important project of city planning is that of 
~ expresses,’’ to quote Herbert S. Swan in the Americ 


the idea of orderliness in community develop: 
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for 
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} 


to bring about improvement in real estate conditions ar 
important still, encourages efforts to beautify privat: 
sections by street tree planting and the creation of garden st) 
Unquestionably, the excellent suggestion contained in a Bul! 
of the American Civie Association to the effect that iro) 

be substituted for board back fences and board side fences s] 
be adopted. The use of wire and iron for such feneing would 
obstruct air-currents as do board fences; and the former 
flowers and backyard gardens’’ and ‘‘spur competition in 
ness, neatness and attractiveness.’’ No city should be « 
without a comprehensive scheme or program for its order! 
velopment to which no single factor would contribute more 
way of beauty and physical benefit than a proper park syst 
including adequate playgrounds. 

Trees, as all know, appeal strongly to man’s esthetic tast: 
this is even more true of an aggregation of trees, shrubb 
flowers, such as may be seen in public squares and city parks. 
fact that these vegetable forms exercise certain moral effects, es} 
cially a softening and refining influence upon human mind 
character, is not open to dispute, but it is searcely appreciat 
the extent that it so richly deserves. City parks adorned 
trees, foliage plants and blooming vegetation tend to de! 
mind, to divert the attention and relieve ennui. Who has 1 


keen pleasure at witnessing the gorgeous beauty of a Ritt 
Square, or a Campanile in spring-time, or failed to experie 
benefit they confer in ministering to his or her esthetic tast 
gratifying the senses? Here it should be insisted that 
every reason why we should have displayed in our city pa 
art, which should be, however, based on the delicate r 
really beautiful things of nature, with a minimum of | 
imagination and invention. There is opportunity in this 
tion for the artist who makes a clear-eyed study of tl 
settled trees, shrubs and flowers which enter into the mal 
our city squares in their true form. 

While parks serve as a place of rest and relaxation 
ence of trees and flowering plants gives a feeling of comp 


+} 


ship often tending to brighten and cheer the lonely hours of 
f,,.11. 


who have little opportunity to enjoy life. The writer f 
curs in the view so happily expressed by the London VW 


, 


Record, namely, that ‘‘growing plants and flowers is va 


delassement for the weak and weary.”’ 
to sl 


The principal object of this article, however, is to sh 
value of city parks, open spaces, playgrounds and the like as s 
of health and strength, if rightly used. The view is genera 


ar 
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AS 





that a high average physique is the most 


municipality, state or nation can boast. Health 


rom illness, but more than this it means the possession of a reserve 


foree necessary to meet the emergencies of life. 
has shown that the American race is distinctly i 
of 


smong the young men who applied for service 


} 


nhvsical viewpoint, the percentage those def 


per cent. 


Experts who have made an investigation into 


physical disabilities of our adult population are 


neipal factors are immigration of inferior 1 

nutrition, the result of unsanitary conditions und 

| live. Improper and inadequate food plays a lead 
is no more potent as a disabling ageney than laek o 

sunshine due to congestion. To overcome in a m 
evils of overcrowding which prevails so general 

cipalities, a sufficient number of open squares 

eighth of the total surface area, appropriate] 

advised and encouraged. A proper park syste 


projected in Kansas City, Minneapolis and els 
eountry should be looked upon as a consp lous part 


There are a number of ways in which these b: 





or city parks with their foliage and flowers, in righ 


ibuted, increase tl] 


the population and properly distr 


the citizenry, apart from their 


lappy effect in relieving congestion. In the first pla 


hygienie service by producing shade, which 


nd, moreover, sets the air in motion, giving rise to 


But the full sanitary significance of city parks, gar 


parkways is not appreciable without a « 


Til? Tions: 
LULIS , 


LULL 


by 


constant evaporation of watery vapor which takes 


they are, first, transpiration, 


leaf surfaces, and, 


+ + 


é. g., pine leaves, and all flowering vegetation (as 


writer's experiments)’ to convert the oxygen of tl 
the natural purifying agent of the atmosphere throug 
properties. That growing vegetation gives off oxyg 


rounding air in an amount sufficient to improve 
medium for breathing purposes is a fact of mucl 


nificance, and one that rests upon reliable experin 
; 
Pa 


Relation of 


1** House-Plants as Sanitary 
Health 


Agents; 


and Disease,’’ pp. 133-136. 


hea 


AGEN] 


} 1? 
Valuable 


Che recent war 


ect! 


ingements of any municipality. It is obvious th 
our cities, especially the older ones, are greatly i 
open spaces in order that their sanitary requirements 
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esthetic intuel 
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On account of their function of transpiration trees anc 
generally, more particularly those having soft, thin foliage. tena 
to increase somewhat, and to maintain, a state of equability 
degree of the atmospherie bumidity in their immediate vj 
It is high time to abandon the view formerly dominant that 
antagonism due to certain plant functions exists between the 
mal and vegetable kingdoms. There is a deeply rooted belief 
plant respiration impairs the salubrity of the surrounding at 
phere. The results of the experiments by Pettenkofer, how 
indieate conclusively that the amount of oxygen absorbed 
the air and the percentage of carbon dioxide exhaled as the 
of plant breathing are too small to exert any appreciable 
it ean be shown that plants, even blooming plants in a sleepin; 
room, so far from exerting an unhealthy influence, are all the w]) | 
making the air in a better condition for human lungs b: 


fusing moisture and generating ozone, not to speak of the 
resulting from association with these living objects. Parks 
as a ventilating apparatus for cities, introducing, as they 
greater abundance of purified air than is otherwise possible. 
deed the effect upon the public health and character of an adeq 
park system is altogether noteworthy. 

Among suggested memorials to the soldier dead, nothing s 
passes either in point of fitness or durability a city park or 
way filled with its trees of remembrance. City parks if r 
kept would be flourishing monuments of living, lasting gree 


this and coming generations. Says the Rochester Democrat 





Chronicle in this connection, ‘‘Not only would such a mer 

be a thing of beauty and a joy for many generations by keeping 
fresh the memories of heroes of the world’s great erisis, but 
would be a source of comfort in the heart of summer to countless 
thousands; perhaps, it would save the lives of many in the cours 
of its existence.’’ 

It is to be hoped that the project of planting trees along « 
streets and public highways generally will be vigorously furthe: 
To quote from American Forestry: ‘‘By all means let us hav 
trees of remembrance. Let us have them abundantly and for ever) 
possible memorial. They are the true monuments, the living n 
morials God has provided to hallow the holiest memories of ever) 
person and of every race.”’ 

Another source of national health, strength and happiness fr 
the standpoint taken by the hygienist as well as the political eco 


mist is children’s playgrounds. Experts concur in the view 
childhood is the time to begin to build up the physical reserve ‘ 
a nation, which is to play so important a réle in personal ent 
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-ise and success later in life as well as in municipal progress. It 


i during the peri d of publie school life that the body is most in 
need of the strengthening and invigorating effect of suitable muscu 
lar activity. Recent investigations in a large number of schools 
have shown that twenty-five out of twenty-eight children are 


nhvsieally defective. A definite health program therefore should 


pl ) 
be made a conspicuous part of every publie school curriculum, and 
the acquisition of health among children demands ample provision 
for play in the open. 
Recreation is of value not only in preserving the health af i 
viduals, but also in the treatment of physical and mental ail 


ments. The effects of the varden city movement in Great Br tain. 
already given in tabular form, will serve to emphasize the value 
to a race or nation of ample opportunity for cur growing girls 
and boys to play out of doors. Moreover, regular and well-super- 
vised recreation exercises are potent preventives of the great white 
plague and other chronic diseases. Said the International Con 


gress on Tuberculosis recently, ‘‘Playgrounds constitute one of 


the most effective methods for the prevention of tuberculosis and 
should be put to the fore in the world-wide propaganda for the 
diminution of its unnecessary destruction of human life.’’ One 
of the objects of playgrounds is to make them centers of hygienic 
instruction and to teach proper habits of living and create a love 
of wholesome outdoor games and sports, with a view to habitually 
stimulating the normal physiological processes of the body. 

Obviously the largest measure of success in carrying out this 
health-giving measure is to be attained by a study of the needs of 
the individual. It is not too much to claim that sufficient play, 
properly supervised, would successfully overeome a large percent 
age of the physical defects of childhood. Obviously playgrounds 
must be supplied with suitable apparatus (which is not always the 
ease), if good results are to be expected. 

Here mention should be made of the fact that thoroughfares 
are being set aside as ‘‘play streets’’ in many of our large munici- 
palities. These are to be advised and encouraged as part of a 
scheme for the physical development of children, but do not com- 
pare with especially built recreation or play centers as means to 
strengthen the nation’s youth. The need of more attractive, super- 

sed play spaces with proper equipment is only emphasized by 
making the most of inherent existing possibilities, as shown by 


the utilization of our thoroughfares as 


‘play streets.’’ 
There would seem to be immediate urgency in the matter of a 
careful survey of our leading cities with reference to this question 


of 


playgrounds. It is well known that Chicago and Philadelphia 
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lead with respect to the number of children’s playgrounds 
up to now we have not this aid to a full appreciation of the st 
of the subject in an immense majority of American cities. 

playground problem is easily one of the most vital questioy 
our municipal governments to-day, and while the demand of { 
sources of strength and national reserve outstrip the fina 
sources in most cases at least, it is time that our best effort 
direeted toward the solution of the problem. 

It is a present-day axiom that all must work and play; 
playgrounds should also be provided for those of mature ag 
Dr. Hall aptly, ‘‘We do not stop play because we grow 
we grow old because we stop play.’’ We may not agree wit! 
modern experts who contend that out of every twenty-four | 
eight are to be devoted to work, eight to sleep and eight to 


but it is a recognized fact that plenty of daily play or reer 


inet 


exereise is indispensably necessary to avert staleness. 


and even illness. It is not denied that play can take various f 
with good effect, as will be pointed out presently. After p! 


re-enter the fray serene, clear-eyed and confirmed. 
the 


The fundamental principle to be borne in mind in 


tion of recreation exercise or play in the mature adult is t 


in this respect differ in different classes of individual 


needs Ss. 
the 


example, the mental worker requires diversion for t 

other than the usual channels, but he requires above all els 

tematic daily muscular activity while at play. Per contr 

engaged in manual, laborious pursuits may get sufficient mus 
; ¢ relaxat 


exercise ; they are, however, in need of mental 1 


recreation. 


During the late war Uncle Sam was actively engaged 


ning playgrounds for the soldier boys during their hours 
The armistice came, and these playgrounds wi 
created. The need of a place and opportunity to play, not 
for soldier boys, but for the entire mature population is qi 
important during peace times as during war times. There 
reason why adults should not utilize the school recreation ¢ 
1 children’s playgrounds at certain periods of time, but 


and 
must not be allowed to crowd out the young. The social a1 


laxation. 


ry 


dustrial life of an urban community would be vastly impr 


t} 
t 


by the building of an adequate number of playgrounds for 


of parents and of older brothers and sisters of our school child: 
short for the whole adult population. While play for chil 
f school and pre-school age is an important factor in the m: 
f men and women, it would be profit 


of future generations of 


indeed for the general public to maintain its interest in, a! 
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nrove every opportunity to dedicate itself seriously to. healthful 
aie of recreation in the open, such as can be arranged for in 
appropriate open play spaces. 

A campaign for the purpose of arousing public sentiment for 
the better protection of our national parks would be timely, since 
these with their natural scenic and historic features should at all 
hazards be preserved as great and unique public playgrounds 
Unquestionably, they should be withdrawn from commercial and 
industrial developments, which have been permitted in recent 
imes. It is to be hoped that the government will formulate a 
definite policy that would be in conformity with an effective, broad 
program calculated to gratify every friend of the national park 
system and thus protect our actual and vital public interests. The 
country stands in need of the development of more abundant 
recreation opportunities. 


voL. xV—4 
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FINNISH POETRY—NATURE’S MIRROR 
By Professor EUGENE VAN CLEEF 


OHIO STATE UNIVERSITY 


UT of the mélée of the world’s masses of struggling huma 
striving during the past eight years to attain ‘‘a pla 

the sun,’’ there has been born a new republic—the Repu 
Finland. The birth of this republic was the signal for a 
Finnish celebration, for it marked the termination of century 
efforts to throw off the yoke of a Russian autocraecy. The Fi 
declaration of independence attracted the entire world. The 2 
powers affixed their stamp of approval and turned to other w 
affairs perhaps of greater significance. However, for the F 
event was notable. He may now and for generations to co 
justifiable pride, tell to his children the story of the ‘‘ Decla 
of Independence’’ of December 6, 1917, and of the Constitut 
law of June 14, 1919, whereby Finland officially declared hers 
a member of the world family of republics. 

The Finns are a unique people. The development of 
nationalistic spirit is likewise unique. This spirit was crystal 
by the conversion of their folk-song into a national epic 
vala, an epie ranking in quality and originality with 
the Odyssey and the Niebelunge. The Finns are an imagi 
folk, a characteristic they owe to their oriental ancestry. There 
is little doubt that the first settlers in Finland migrated fro: 
tral Asia, probably from the region of the Altai mountains. 
brought with them a high regard for the controlling influence; 
the laws of nature and an unequalled devotion to the out-of-cd 
They deify the elements of nature, and list among their gods, t 
God of Waters, God of Forests, God of Fire, God of Breezes ar 
numerous others. Their mythology is essentially a nature wo! 
In the Kalevala it finds its best expression. 

For the composition of the folk-songs into epie form, the F 
are indebted to Elias Lénnrot, first a physician and later a 
fessor of the Finnish language. He appreciated the beauty 
charm and the rare culture expressed by the Finnish folk-so: 
and resolved that they should be preserved to posterity. 1 
verses, sung through the ages, had never been recorded, so Lonnre 
determined to collect them. He traveled to the remotest parts | ; 
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Finland where modernisms had not yet penetrated and as he lis 
tened hour after hour to the singing of the peasantry, faithfull) 
recorded each canto. Most of the songs were collected in the remote 
northern portions of the province of East Karelia. Returning 
home with his note-books bulging with invaluable records, Lonnrot 
knitted the verses into a homogeneous whole of some 27,000 lines, 
and in 1835 gave to the world the results of his years of untiring 
efforts—the Kalevala. 

The Kalevala brought home to the Finns the realization of a 
eommon language. For the first time did they appreciate the pos- 
session of a language meriting the same consideration as Russian, 
German, Swedish or other recognized national tongues. They fur 
ther saw the basis for a svmpathetie bond among all the Finns and 
so. almost as soon as Lénnrot’s magnificent work made its appear- 
ance, it was hailed as the epic of the Finnish people. The Kalevala 
marked the virtual beginning of an intensive spirit of nationalism 
throughout Finland. 

While all writers do not credit the Kalevala as a true epic, nor 
wholly discredit it as such, nevertheless they regard the production 
as extraordinary and certainly approaching closely to an epic. In 
any event, be it an epic or nearly so, there is agreement as to the 
uniqueness in its style, in the beauty of its conceptions and in its 
dramatic presentation of the struggle for existence among a people 
never known to flinch under the stress of nature’s most discour- 
aging environment. 

Before detailing the content of the Kalevala, it is of interest 
to note the peasant’s manner of singing the runes. The singers 
seat themselves upon low benches or stools, and facing each other 
with outstretched arms, take hold hands; then, as they sway their 
bodies to and fro in see-saw fashion, first one sings a song and 
then the other. The singing and see-sawing continue until one or 
the other runs out of verses. Sometimes others in the party take 
the places of those who have just finished and either repeat verses 
or begin a new series constituting a new rune. The meter is un- 
rhymed. It is like that in Longfellow’s ‘‘Song of Hiawatha.’’ In 
fact, Longfellow was so impressed with the Kalevala that he ad- 
mittedly patterned his song after it and it is said even borrowed 
some of the characters and incidents. The singing is accompanied 
by the playing of the kantele, an instrument similar to the dulei- 
mer. The music itself is in a minor key and as it is sung resem- 
bles more nearly a chant than a melodious air. 

The Kalevala, composed as it is of the folk-songs of a people 
largely if not wholly dependent upon their own ing nuity for the 


gaining of a livelihood, is really the story of the struggle of the 
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Finn to overcome the titanic handicaps set against him by nature 
His ‘‘land of a thousand lakes’’ is a land of thousands of |akoxs 


a land of vast swamps with only here and there a diminutive aros 


suitable for cultivation. The lowland depressions invite prematyr 


frosts which often destroy in a night crops representing the hard 


labor of many months. No surplus of foods to be consumed during 


periods of scarcity can be accumulated where frost is master. No; 


only are products of the soil scant, but raw materials for man 


factures are limited. The hardy forests for lumber and pulp a 


the numerous rapids for power send a ray of hope down the Finn’ 


uncertain pathway toward success. Yet in the face of these limita 
tions the Finn has plodded on patiently and uncomplainingly unt 
to-day he has attained a place among the peoples of the earth w! 
many may well envy. 

The Finnish farmer is constantly threatened by frost. H 


5 


knows not when or where it will fall next. A robber-band could 


hardly worry him more, for there would be some hope of resistance: 
or escape, but the frost is not to be fought nor does it discriminat; 
as to its prey. No wonder, then, that in the national epic Fros 
is personified and its destructive propensities narrated. In Ru: 
30 of the Kalevala, Frost interrupts the progress of Lemminkainer 


one of the four heroes of the story, who proposes an attack agains 


Pohjola, the North Country. (This region is now represented by 
Lapland.) Here he had previously gone upon an unsuccessf 
venture to woo the daughter of Louhi, Mistress of Pohjola. Le: 
minkainen remonstrated with Frost in no uncertain terms a: 
describes him as follows: 


Evil-born and evil-nurtured, 
Grew to be an evil genius, 
Evil was the mind and spirit, 
And the infant still was nameless, 
Till the name of Frost was given 
To the progeny of evil. 


Then the young lad lived in hedges, 
Dwelt among the weeds and willows, 
Lived in springs in days of summer, 

On the borders of the marshes, 

Tore the lindens in the winter, 

Stormed among the glens and forests, 
Raged among the sacred birch-trees, 
Rattled in the alder branches, 

Froze the trees, the shocts, the grasses, 
Evened all the plains and prairies, 

Ate the leaves within the woodland, 
Made the stalks drop down their blossoms, 
Peeled the bark on weeds and willows. 
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The heavenly bodies as well as the elements of the earth are 
humanized and deified. They are removed and replaced and 
ised to perform as circumstances may dictate, with a facility 


cal 
such as characterizes the most magnificent flights of the imagina- 
Louhi, Mistress of Pohjola, hides the Sun and Moon when 


t10n. 
the heroes Ilmarinen, Wainamoinen and Lemminkainen organize 
an expedition against her in order to rob her of the Sampo—‘‘the 
talisman of suecess.’’ Her resistance is finally overcome and she 
is forced to restore the Sun and Moon. The restoration (in Rune 
49) is accomplished and Wainamoinen, Son of the Air and of the 
Virgin of the Atmosphere, a minstrel of magie power, observes the 
return of these heavenly bodies and recites as follows: 

Greetings to thee, Sun of fortune, 

Greetings to thee, Moon of good-luck, 

Welcome sunshine, welcome moonlight, 

Golden is the dawn of morning! 

Free art thou, O Sun of silver, 

Free again, O Moon beloved, 

As the sacred cuckoo’s singing, 

As the ring-dove’s liquid cooings. 


Rise, thou silver Sun, each morning, 
Source of light and life hereafter, 
Bring us, daily, joyful greetings, 
Fill our homes with peace and plenty, 
That our sowing, fishing, hunting, 
May be prospered by thy coming. 
Travel on thy daily journey, 

Let the Moon be ever with thee; 
End thy journeyings in slumber; 
Rest at evening in the ocean, 

Glide along thy way rejoicing, 
When thy daily cares have ended, 
To the good of all thy people, 

To the pleasure of Wainola, 

To the joy of Kalevala! 


A cheerful aspect of the Finnish environment is presented in 
the Farewell song (in Rune 24) of the daughter of Pohjola who 
has become bride of the smith and craftsman Ilmarinen. This song 
paints a landscape to whose attractiveness those can well attest 
who have tramped across Finland’s fens or through her forests. 

Send to all my farewell greetings, 
To the fields, and groves, and berries; 
Greet the meadows with their daisies, 
Greet the borders with their fences, 
Greet the lakelets with their islands, 
Greet the streams with trout disporting, 
Greet the hills with stately pine trees, 
And the valleys with their birches. 
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Fare ye well, ye streams and lakelets, 
Fertile fields and shores of ocean, 
All ye aspens on the mountains, 

All ye lindens of the valleys, 

All ye beautiful stone lindens, 

All ye shade trees by the cottage, 
All ye junipers and willows, 

All ye shrubs with berries laden, 
Waving grass and fields of barley, 
Arms of elms, and oaks and alders, 
Fare ye well, dear scenes of childhood, 


Happiness of days departed. 


[lmarinen returns (in Rune 25) to Wainola with his Pohjola | 
to receive an heroic welcome at the hands of Lakko, hostes 
Wainola. Lakko recounts in great detail the numerous co 
awaiting the bride and coneludes with a few effective words 
scriptive of the village setting. This description charact 


equally well a typical Finnish farm location of the present da 


Thou hast here a lovely village, 
Finest spot in all of Northland, 

In the lowlands sweet the verdure, 
In the uplands, fields of beauty, 
With the lake-shore near the hamlet, 
Near thy home the running water, 
Where the goslings swim and frolic, 
Water-birds disport in numbers. 

The Finn’s favorite trees are the gracefully clustered 
trunked birch, the stately symmetrical towering evergreen and t 
cheerful red-berried mountain ash. The birch is the most econo 
tree, for in addition to fuel it supplies numerous utensils. Wait 


moinen (in Rune 44) wandering across the field and through t! 


forests seeking his lost kantele, comes upon a weeping birch. 
inquires into all this sadness and the tree responds as follows 
I, alas! a helpless birch tree, 

Dread the changing of the seasons, 

I must give my bark to others, 

Lose my leaves and silken tassels. 

Often come the Suomi children, 

Peel my bark and drink my life-blood ; 

Wicked shepherds in the summer, 

Come and steal my belt of silver, 

Of my bark make berry baskets, 

Dishes make, and cups for drinking. 

Oftentimes the Northland maidens 

Cut my tender limbs for birch brooms, 


Bind my twigs and silver tassels 
Into brooms to sweep their cabins; 
Often have the Northland heroes 
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Chopped me into chips for burning; 
Three times in the summer season, 
In the pleasant days of springtime, 
Foresters have ground their axes 
On my silver trunk and branches, 
Robbed me of my life for ages. 
Thus the valued birch acquires personality and through the words 
of the folk-song permanent expression is given to the Finn's appre- 
ciation of its services. 

No discussion of Finnish life could possibly be considered com- 
plete without reference to the bath. The Finn swears by the bath. 
It is an institution of no mean value, for it not only helps him 
preserve his health but, to his mind, serves also as a cure for all 
ills. The bathhouse is one of the first of the numerous structures 
to be erected upon a Finnish farm site. It is a small frame shack 
containing a glacial-boulder fire-place. The fire-place projects well 
into the room and is without a chimney. A hole in the roof of 
the building permits the smoke to escape, or sometimes the cracks 
between the timbers are relied upon as substitutes for the chimney. 

In the preparation of the bath, the stones of the fire-place are 
first heated to a high temperature. Then the fire is put out and 
eold water is thrown upon the stones. Great clouds of condensed 
steam fill the room. Around the walls of the room are shelf-like 
platforms upon which the bathers lie. As the steam stimulates 
the blood circulation, the bather beats himself with a bundle of 
birch or aspen twigs. After some ten or twenty minutes immer- 
sion in the steam, he enters a small adjoining room and there throws 
cold water upon himself. The cold ‘‘shower’’ is sometimes applied 
out-of-doors instead of in a room. He then retires to his house to 
dress. In winter it is not unknown for a bather to roll in the snow 
immediately after the bath. The shock of course is great, but with 
training from childhood the Finn withstands the ordeal and de 
velops tremendous physical endurance. 

The Finn’s faith in the bath is unbounded and to find it im- 
mortalized in his national epic is rightly to be expected. In the 
‘Birth of the Nine Diseases,’’ (Rune 45), there follows an interest 


ing description of the bath and a prayer that its curative qualities 


nav endure: 


Wainamoinen heats the bathroom, 
Heats the blocks of healing sandstor 
With the magic wood of Northland 
Gathered by the sacred river; 

Water brings in covered buckets 

From the cataract and whirlpool 
Brooms he brings enwrapped with ermin 
Well the bath the healer cleanses, 
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Softens well the brooms of birch-wood ; 
Then a honey-heat he wakens 

Fills the room with healing vapors, 

From the virtue of the pebbles 

Glowing in the heat of magic, 

Thus he speaks in supplication: 

‘“Come, O Ukko, to my rescue, 

God of Mercy, lend thy presence, 

Give these vapor baths new virtues, 

Grant to them the powers of healing .. .’ 


Reference has been made to the minor key in which these run 
are sung. Finnish music is impressive because so full of character 
Its melodies reveal nature’s severity, yet they also reflect her for 


bearance. Life is never so hard but that it has its compensating 


days. So the minor key reflects at times a somewhat sombre a 
mosphere and a certain degree of sadness, yet the absenceof heavy 
aecents helps to create a feeling of hopefulness and high spiri 
One easily recognizes the rushing streams with alternating 
and reaches, or the clear sparkling glacial waters playing in th 
brilliant northern sunshine. Nature seems to direct in every song 

The Finn, stolid and phlegmatic at times, but persevering and 
tenacious, possessed of remarkable physical endurance and a stout 
heart, has given his brain cells opportunity for growth. His cour 
trymen show the highest percentage of literacy among the nation: 
He loves to read. In his long hours of solitude he digests his reaa- 
ings and allows his imagination full freedom to build upon th 
ideas absorbed. Thus the Finn has evolved a vivid imaginatio 
which has contributed to the development of literature of excep 
tional merit. His poetry, including both folk-songs and modern 
works, having been conceived amid the influences of. nature, show 
her unmistakable impress. The reflection of the environment is 
perfect, and in the Kalevala, especially, the character of Finnis 
life is accurately and strikingly imaged. 



































WHAT IS INTELLIGENCE ? 


WHAT IS INTELLIGENCE AND WHO HAS IT? 
By Professor LIGHTNER WITMER 


UNIVERSITY OF PENNSYLVANIA 


NTELLIGENCE is the ability to solve a new problem. An un- 
] surmounted difficulty is a new problem so long as its solution 
is unknown. It is easy enough to cut the Gordian knot, or to stand 
an egg on end, after one has learned how these historic intelligence 
tests were solved. When a problem is difficult enough, or the solu- 
tion sufficiently novel and important, the intelligence displayed in 
successful invention will be considered ‘‘genius.’’ 

Life confronts us with problems, new and old. Just to keep 
one’s self alive is a very old one. ‘‘To live by one’s wits’’ is to 
solve it by an exercise of intelligence. From the cunning of a 
horse trader to the genius of an Aristotle is a long step up on the 
scale of intellectual competency; but intelligence may appear at 
any intellectual level, even a low one, and is divined from what 
the individual makes of opportunity and resources. We ascer- 
tain how much knowledge and skill enter into a performance in 
order to disregard them, for the intelligence displayed in success- 
ful adventure is measured not by the resources employed, but by 
the risks involved and the difficulties overcome. If, for example, 
the Russian Soviet is in fact a weak form of government, and the 
Bolshevists are as entangled in ignorance, insanity and crime as 
would appear from the reading of our daily newspaper, then it 
follows that the intelligence of a Lenine or a Trotzky must be given 
a higher rating than the genius of statesmen who have tried in 
vain to sink this defective ship of state, despite the fact that they 
have had at their command the intellectual resources of the most 
cultured and efficient nations of the world. Intelligence is not to 
be measured by conventional standards, but by the successful out- 
come of performance. The discrimination of intelligence from 
other abilities is concerned only with the criteria that distinguish 
the variable and novel creations of free initiative from the more 
constant and familiar effects of established habits. The originality 
of a performance is proportional to the number of novel elements 
entering into its composition, and to the amount by which a suc- 
cessful creation of the productive imagination varies from the 
prevailing mode. 

The really serious problems of daily life, the primeval and yet 
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recurrent problems of mere existence were solved long ago by oy 
pre-human ancestors. As a consequence, we are now able 

up in the morning, cook and eat our breakfast, swallow and dig 
it, without an exertion of intelligence or intellect, employing 
the purpose inherited habits which are physiological mechanisms 
called ‘‘instinets’’ atd “‘reffexes.’’ Throughout a busy day 

of varied performance, one gets on with the day’s work, sol 
problem after problem, many of them difficult enough, son 
them possibly beyond the proficiency of all but the most ex 
or the best informed; but rarely will a new problem emerge { 
the comfortable routine of a well-ordered existence. 

Education is the device of civilization to keep us fror 
countering new problems. The method employed is showing 
pupil how to solve problems instead of letting him solve 
for himself. It thus makes the exercise of his intelligence 
necessary. The school presents the paradigm, and when life e 
fronts the graduate with a new problem, he solves it by vir 
an acquired intellectual habit, and in conformity to the sel} 
model. 

Endow a child with intellect, let him aequire knowledge 
efficiency, teach him to conform his conduct, thought and feel 
to the prevailing mode, and you go far to assure him a useful lif 
at a high intellectual level. If he has intelligence, it may facilitat 
the schoolmaster’s task, but pupil and teacher can, and do, g 
along without it. They must, however, avoid an excess of stupidit 
They must not try to solve new problems if every attempt brings 
failure. They must do what the timid do, who fear failure more 
than they desire success; they must check initiative, censor the 

4 


imagination, suppress revolt, curb aspiration and refrain fro 


adventure. At this task the pupil will be aided and abetted 

the greater number of schoolmasters who will direct his progress 
from the first year of the elementary school to the commencement 
day, which yields the certificate of intellectual proficiency called 
a ‘‘diploma.’’ To discover how much intelligence the graduate of 
this educational system really has, one would have to surprise him at 
a moment when he is confronted by some accidental obstacle 


an otherwise well-ordered existence—a missing suspender buttor 
for instance, for which he must quickly invent a substitute, or 
some other difficulty connected with the sempiternal problem of 
making both ends meet. 

Competency is an aggregate of many congenital abilities, some 
of them specific abilities, like talking and singing; others more 
general, like intelligence, intellect, discernment, will and motiva- 
tion. By the time a child is six years old he will ordinarily display 
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his congenital competency, from which the discerning observer 
may estimate how much ability he has and judge if he has enough 
to be considered normal. Let six-year-old children of normal com- 

eney grow up without instruction in school subjects, and there- 
fore below the point of literacy on the intellectual scale, and they 
will be arrested in development at the level which defines the low 
vrade imbecile. Let them, however, grow in stature, strength and 
endurance, in social conformity and sexual proficiency, and they 
could raise and support a family, if it were not for the difficulties 
provided by what in our pride we call ‘‘civilization.’’ During the 


; 


war, some imbecile children in the city of Philadelphia, arrested 
under the compulsory education law, were earning more than the 
ant officer who arrested them. It is not the inherent difficulty 
of earning a living and raising a family which makes the task im- 
ossible for those whose mental age is not more than six years; 

s the grocer, the landlord and the employer, competitors whom 

ey must outwit in the struggle for existence, ease and comfort. 

Civilization implies an average intellectual level. The farther a 

’s intellectual level falls below the mode, the more intelligence 
will need. 

No one has ever devised an intelligence test that tests intelli- 
rence and nothing else. In consequence, the results of so-called 

telligence tests have significanee only when analyzed and inter- 
preted in relation to a particular set of antecedent conditions and 
attending circumstances. The Binet intelligence quotient, for ex- 
ample, is a measure of proficiency, and in those making low scores 
t may indicate anything in the way of ability or deficiency except 
intelligence. We do not observe or measure intelligence—we ob- 
serve performance and measure its effects. A few intelligent per 
formances will cause us to anticipate more of the same sort, and 
even an intelligent look may lead us to expect intelligent behavior. 
Intelligence is not a fact, but an explanatory concept derived from 
the observation of facts. It is a diagnostic category like courage 
or honesty, the diagnosis being in effect the verbal expression of 
an expectation. 

In order to test the ability to solve a new problem, an intelli- 
genee test must provide that many members of a homogeneous group 
will fail, and that all but a few will make many errors before they 
achieve success. Those who make many attempts in a given time are 
more likely to sueceed than those who make only a few attempts. 
Intelligenee, therefore, is directly proportional to initiative and 
inversely proportional to the number of errors made, provided the 
errors are not too few. To measure a performer’s intelligence one 
must know the time reguiwed to achieve success, but one must 
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not neglect to observe the performer at work and to take 
into the consideration the number and kind of errors made and 
how he corrects them. Intelligence is displayed through the opera 
tion of trial and error. An intelligence test is adjusted to the }) 
tellectual level of a group when those who succeed do not outnum 
ber those who fail. 

At the Psychological Clinic, an eleven block formboard 
ployed as an intelligence test. It may be solved in eleven moves 
in about eleven seconds, but anyone who solves it thus displays 
efficiency not intelligence. This formboard is an intelligence test 
at or about the four year old intellectual level, because not mor 
than 50 per cent. of four year old children are able to solve 
even with a time allowance of one hundred seconds. No two year 
old child has ever passed the test; about 25 per cent. of three yea: 
old children have passed it, and approximately 100 per cent 
six year olds. If I know nothing about a particular child except 
that he is four years old, the odds are even that he will pass t 
test. If he is three years old, the odds are three to one that 
will fail. 

Intelligence is displayed in a performance that succeeds ag 
adverse odds; stupidity is failure despite favoring odds. At an 
moment a future of some sort confronts us, and often we hav 
nothing better than a gambler’s guess for guide. When the odds 
favor failure, we have only a gambler’s chance of winning; if we 
plunge and win despite the adverse odds, we have had a gambler’s 
luck. The success of an intelligent player who uses all the re 
sources at his command to win a fortune, whether at cards or 
business, has a very different diagnostic significance from 
‘‘dumb luck’’ of inheriting money or finding it. 

Intelligence, then, is a successful leap into the dark. ‘‘A mar 
never rises so high,’’ said Oliver Cromwell, ‘‘as when he knows 
not whither he is going.’’ Converting the words of a madman int 
a slogan of success, Browning thus portrays the morale of the 
adventurer at the critical moment when success or failure hangs 
upon the issue of performance: 

There they stood, ranged along the hillsides, met 
To view the last of me, a living frame 
For one more picture! in a sheet of flame 

I saw them and I knew them all. And yet 


Dauntless the slug-horn to my lips I set 
And blew, ‘‘ Childe Roland to the Dark Tower came.’’ 


the 


99 


The achievement of intelligent initiative may be a successful 
adventure of pioneer or conqueror, the creation of a work of art, 
a new idea, an invention—some perférmance, no matter what, °0 
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long as it be original to the performer, the product of an imagina- 
tion that outruns knowledge, of an ingenuity that outdoes skill. 
If this is a novelty to the beholder, it may inspire admiration, 
appreciation or wonder. If it is too novel, it will arouse distaste, 
fear and a destroying hatred. The more shocking a product of 
the creative imagination, the greater the presumption that genius 
inspired it, provided the production is something worth while. 
The American readers of Walt Whitman’s ‘‘ Leaves of Grass’’ 
were too shocked to appreciate the singular novelties of thought and 
dietion concealed beneath the innocent botanical title. When he 
walked the streets of Philadelphia and Camden, he was ignored by 
those whom a recent French critic calls his ‘ 
Now that ‘French and English writers have discovered him to be 
the most original of American poets, his peculiar genius is not 
without honor even in his own country, save only perhaps in those 


‘rustic compatriots.’’ 


elassie centers of intellectual conservatism—the departments of 
English literature in our universities. 

The Declaration of American Independence started a long war; . 
it eventuated in a form of government as new to the Europe of 
that day as the Russian Soviet is now; it enthused and emboldened 
the French Revolutionists; it brought in its train the doctrine of 
self-determination; it helped to promote the Russian revolution 
and the success of the Irish Sinn Fein; it was signed by men who 
felt the hangman’s noose about their necks, and only the successful 
outcome of the adventure kept the noose from being drawn tight. 

Whitman says: 

I am the sworn poet of every dauntless rebel the world over. 

I do not know what you are for (I do not know what I am for myself, 

nor what anything is for), 

But I will search carefully for it even in being foil’d, 

In defeat, poverty, misconception, imprisonment—for they, too, are great. 

Revolt! and still revolt! 

American patriots, those in particular who would be considered 
sons or daughters of the Revolution, ought to bear tenaciously in 
mind that resistance to constituted authority, as well as intelli- 
gence and compromise, went into the making of our Constitution. 

Intelligence, then, plays a lone hand. It is individualism ram- 
pant, and may stake livelihood, happiness, life itself against the 
opinions and concerted actions of a public horrified by the strange- 
ness of its creations. It is a minor group trying to outplay the 
majority. It is youth and inexperience trying to outdo old age 
and wisdom. It is eccentricity successfully opposing the prevailing 
mode. 

The judgments of society, like the verdicts of juries, are not 
always easy to predict, and are susceptible to strange and rapid 
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transmutation. Not more than a century ago a Unitari 
be stoned on the streets of Boston. To-day, a Unitarian js 
Justice, a member of the most conservative branch of o 
most conservative governments in Christendom. Joh 
body hardly lay a-mouldering in the grave before his sou 
marching on at the head of forces, military and political 
made possible Lincoln’s ‘‘Emancipation Proclamation,’’ a 4 
ment destroying much private property, but, nevertheless, ace 
able to what had become, by then, the dominant opinion in A) 
ean polities. When Socrates was condemned to death, his 
teachings were, by due process of law, adjudged subversive o! 
ligion and good government, a source of oo ene to yout! 
‘*When men revile you and persecute you! Te rei and 
ing glad, for great is your reward in Heaven, for so perse 
they the prophets which were before you.’’ 

The non-conforming genius appears to lose; but once de 
safely buried, he lives in monument and story, the stakes he | 
for being held by the unborn, while those who seemingly outpla 
him join the unknown multitudes that survive, if at all 
their progeny. 

What, then, is success? It is the approbation of the man. 

a few, now or at some future time. In the last analysis, it is what 
the individual himself deems worth while. Originality, theref 

is appreciated non-conformity. Intelligence is successful ecce 
tricity. It is energy so controlled and directed that a worth w! 


pattern of performance is created. Except for the necess 
conforming to some standard of appreciation, and it may be mere 
self-appreciation, intelligence is free initiative, unconstraine: 
definite ends. To exercise a man’s intelligence, he must hx 
free to do what he desires; he must be given every gpportunity t 
make mistakes, in the hope that he will profit by experienc 
a child falls down, don’t pick him up unless he is in immi 
danger—let him learn to pick himself up. If men fall into err 





don’t correct them by telling them the truth; let them flounder 2 
error until they find out the truth for themselves. This is Natures 4 


way of promoting intelligence. 
When our first schoolmaster entered the Garden of Ede 
the guise of a serpent, and forced Eve to choose between innocene 
and knowledge, he made the oldest recorded test of human behavio! 
and Eve responded to it with intelligence. If this ‘‘first disobed 
ence brought death into the world and all our woe,’’ it also brought ' 
what we hold dear—civilization (we thought it worth fighting f 
the home, the church, the state, our educational system, privat g 
property and the inventions of intellect and art. Without full 
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comtort 


and machinelike perfection, choosing the hard and devious path 


realizing what she was doing, Eve rejected a life of ease, 


that led from Paradise to the civilized communities which harbor 
her descendants. Her choice assured them a life of toil, discon 
tent and conflict, all the trouble necessary to exercise their intelli- 


What more 


suecessful outcome would you ask of a simple venture into the 


cence, train their efficiency and develop their intellect. 


unknown, inspired by hardly more than curiosity, motivated by 


lisecontent, and determined, it would seem, by the spirit of revolt 
against authority? Curiosity is the mother urge of science and 
truth: discontent awakens aspiration, and amongst the traits of 
character most frequently associated with creative imagination 
are ambition, audacity, aspiration, the love of adventure, and, 
most significant of all, a disregard of authority, leading perhaps 
to the defiance of privilege and public opinion. ‘‘He had every 

Lord 
Fisher said of the British admiral who lost, or won, the battle of 
Jutland. 


To teach a student to think for himself is to teach him to dis 


quality of a great commander except insubordination,’’ 


regard authority, including his teacher’s. For this reason it is 
not a common practice of the teaching profession, although it re 
ceives much enthusiastic verbal appreciation. Parents, however, 
are not at all hesitant about expressing their disapproval when a 
child produces some new idea contradicting well-established con- 
victions. The father of Richard Feveril states a parental ideal in 
these words: ‘‘I require not only that my son should obey. | 
would have him guiltless of the impulse to gainsay my wishes.”’ 
He would have added ‘‘opinions’’ could he have conceived it pos- 
sible for these to be called in question. 

Freedom of thought began with the liberty of conscience so 
outspokenly maintained by the Hebrew prophets, of whom the 
greatest was also the last, the apostle Paul, who borrowed the char 
acteristic freedom of Hellenic thought to project a new religion. 
Christianity has fostered freedom of thought and action, though 
Intellectual, like material, 


and, once acquired, they are held 


not excessively nor hurriedly. posses 
sions are acquired arduously, 
the old time religion, the old Con 


intellectual ab 


with the same bitter tenacity 
stitution, the ancient literature and even that 
surdity—the old science. A mother recently wrote to the dean 
of a seientifie school, asking whether a boy who studied engineer 
ing there would be exposed to the theory of evolution, because if 
this were possible, she proposed to send him to some other school. 
‘Why does a professor have to introduce new and debatable topies 


for discussion in the classroom?’’ I have heard the question asked 


sé 


even in academic circles. ‘‘Isn’t there a large enough body of safe 
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and sane knowledge to occupy his brief periods of instructio, 
No doubt the professor is free enough in some institutions to Say 
what he wishes, but the joker is—the professor does not want 
say what will subject him or his institution to hostile eritieic 
For this reason, university faculties do not make a brilliant dix 
play of creative intelligence in the intellectual field. Our edye 
tional system, as a whole, is distinguished by the conformit 
promotes, the mental discipline it trains. 

This, doubtless, is as it should be, for successful livine 
least ninety-nine parts in a hundred conformity and constraint 
only a very small fraction of one per cent. of a man’s life ea; 
the very best, display freedom of thought and action. In no fi 
however, is it so important to keep the little freedom we have 
in the field of intellectual production. And yet thought is so rig 
conformed in this country to 100 per cent. patterns that Americ 
genius is not conspicuous for intellectual originality. Some years 
ago I heard a professor at the University of Rome express 
opinion that the development of big business in the United St 
was an outburst of creative energy similar to that which dis 
tinguished Italy during the Renaissanee. Do not go to our uni) 
sities to observe the best American intelligence in action; go out 
into the business world where great enterprises are successfull: 
put over. There the atmosphere is one of freedom—even from the 
constraint of honesty and truth. This year the winner of th 
Nobel prize in literature is Anatole France, an avowed communist; 
another winner is Premier Branting, the leader of the dominant 
socialistic party in Sweden. Representative American contribu 
tions to art are movies and jazz bands, skyscrapers and railway 
stations. When America honors the free expression of new ideas 
without regard to their normalcy, intellectual originality, as well 
as mechanical invention, may become a conspicuous trait 
American character. 

The meeting place of intellect and intelligence is interesting 
Imagination belongs to the eategory of intellect, and also to the 
category of intelligence. Creative imagination produces order out 
of chaos. As soon as a little child can use the kindergarten peg 
board, give him one and ask him to put the pegs into the board 
He puts in the first one; where shall he put the second, beside the 
first or at a distance? This is the critical moment. If he puts 1 
let us say, beside the first, it must be to the right, to the left, above 
or below. He is now ready to put the third peg in position. If 
he does what he did with the second peg, he will make a row. A 
plan appears, a definite order is displayed. If he works without 
instruction he is producing an order of his own. He is doing 
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¢ that has meaning. He displays creative imagination. 
already beginning to develop an intellect. 


1 web from his own body, so the human being weaves pat 


As the spider 


performance, establishes order, rises superior to chaos 
roduees standards of behavior based on knowledge. This em- 
ment of intelligence in intellectual organization is characteris 
y and typically human. I have tested chimpanzees and other 

s but have never known an ape to create a new order of his 

I have not seen a chimpanzee peg a straight line of his own 
ord, but I have observed little children doing it as soon as they 
could grasp the pegs and put them in place. 

A civilization is a social order, the average developmental level 
of a group, it may be large or small. It is to be measured by the 
number and diversity of material and intellectual resources, but 
ts chanee of survival depends on intelligence, that is to say, on its 
ability to change. The social order of to-morrow is the invention 
of the few whose intelligence operates at a high intellectual level. 

Change is the predominant characteristic of uterine life; sta- 
bility, of the adult. 
pat? When does a man lose the ability to get a new idea, to change 


At what age does the individual begin to stand 


convietions or a point of view? At any age. Some, indeed, never 


cet a new idea. They imitate in thought the prevailing modes of 
the social group to which they happen to belong, or to which they 
aspire. Fifteen, however, is an age at which a great number, per- 
haps the majority of those who do at least a little thinking of their 
own, harden into conventional patterns of thought and behavior. 
Others keep changing and growing intellectually up to thirty, some 
even up to forty-five, while. just a few display to the very end that 
intellectual pliability which is intelligence informed by acquired 
knowledge. 

A new individual begins to exist at conception with the union 
of a spermatozoon and an ovum. He will change more during the 
nine months of uterine life than in the remaining years of his ex- 
At birth, it has been estimated, he will possess only two 
He is like a elock, 
wound up at conception, which keeps running down until it stops 
at death. 
property but already at six years of age he has entered into his 


istence. 


per cent. of the original energy of development. 
At twenty-one he comes of age, able to inherit the family 


heritage of human competency, and has begun to develop his nat 
ural resources of intellect and character, of intelligence and skill. 

Age advances on a very uneven front. Long before the first 
gray hair or the first wrinkle, some congenital abilities have har- 
dened into particular modes of behavior. It is then difficult, if not 
impossible, to change old habits for new. A child, for example, 
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having learned one language with ease, inclines to stand p 
accomplishment. He appears to lose some of his original p 
offers resistance to the acquisition of another language, 
a sort of organic obstinacy, in other situations ealled 
tional conservatism.’’ From infancy on, efficiency is by 
quired at the expense of general competency. Problems a) 
with increasing accuracy and speed, but the ability to s 
problems is greater at the age of six years than at any lat: 
Youth combines the plasticity of initiative with the effi 
acquired skill, and thus produces the successful inventii 
which a new order is evolved. Old age brings wisdon 
handicapped by a deficiency of initiative and dislike of 
The vitality of a civilization is directly proportional to th: 
intelligence of its voung men and young women. 

Observation of the behavior of children and adults leads 
conclusion that education can not make the stupid 
Intelligence is a congenital though not inherited enc: 
and the amount of it can not be inereased by ft 
Genius is not a product of breeding; its appearance 
hands of the gods, a result of the fortuitous combination 
ties possessed by the germ plasms entering into the concept 
a new individual. The chief condition which appears to 
superior intelligence is the variety of race and family n 
The more mongrel a people, the more intelligent; the pur 
blood, the more stupid. Intelligence would seem to requi: 
inner conflict of cross purposes and opposing impulses. Ni 
the Jew, the Anglo-Saxon, the Irish, the French, the Italia: 
the American is pure-blooded, in comparison with the Pruss 
Junker, whose blood is purer and older than the oldest of 
families in England or America. 

In an essay on ‘‘Race and Tradition,’’ written more 
twenty years before the great war, Darmesteter, a Frenchn 
says of Germany: ‘‘The misfortune of Germany—what cons' 
tutes her momentary strength and will bring about her lasting 
weakness in the future—-is that the element of race is better 
served there than elsewhere. Hence, narrowness of spirit, lack 
proportion in her intelligence, of justice in her heart. She lack 
that fruitful struggle of contrary forces that limit their excesses 
by complementing their energies, and that, in recognizing t 
mutual rights, enlarge the innate narrowness of man, wit! 
result of producing something that has the extent and variet) 


Nature herself. Germany has remained, and still remains, a thine 
strangely powerful and painfully inecomplete.’’ * 


1 Selected Essays, translated by Helen B. Jastrow. 
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hundred years ago, the author of ‘*‘ Robinson Crusoe’’ paid 


eets to those who tried to mobilize the race prejudice of 
orn Englishmen’’ against the followers of William of 
n words that some of our ‘‘hundred per cent. Americans 
onder with profit: 
These are the heroes that despise the Dutel 
And rail at new-come foreigners so much; 


Forgetting that themselves are all derived 


From the most scoundrel race that ever lived, 
A horried crowd of rambling thieves and drones 
Who ransacked kingdoms and dispeopled towns 
The Piet, and Painted Briton, treach’rous Seot 
sy hunger, theft, and rapine, hither brought 
Norwegian pirates, Buceaneering Danes, 
Whose red;haired offspring everywhere remains 
Who join’d with Norman French, compound the bi 
From whence your true-born Englishmen pro 
There are those who fear for eivilization. Of what are they 
Civilization is not necessarily threatened, whether by im 
rialists or communists; our civilization may be—the aggregate 
uur material and intellectual possessions. Creative intelligence, 
however, is indifferent to the language which transmits the in 


tellectual fruits of man’s genius—whether it be Anglo-Saxon or 
‘russian, Latin or Slav, indifferent even to the color of the hand 
that bears aloft the torch of enlightenment and progress, let it 
be yellow, white or black. So far as intelligence and progress are 
meerned, the future is a sporting proposition, and the sports 
man’s attitude is to let the best man win. 

The general aim of civilization is dominion over nature—the 
more efficient control of natural forees. There are doubtless some 
who still think that man’s subjection to nature is a law of God, 
and that a social order once established must not be changed. Prog 
ress, however, is inevitable, though privilege and authority, tim 
dity and prejudice will always oppose the creative advance of 
ntelligenee. To defy the spirit of progress in the name of either 
religion or law is superstition ; the true prophet is a poet who sees 
n creative evolution the display of divine intelligence. 

What the world needs to-day is more of the optimism of the 
progressive and a little less of the pathological fear of the stand 
patter, more faith in creative evolution, more hope of reaching vet 
higher levels of achievement and more of that freedom from 
prejudice called charity, another name for love, the productive 


U 


passion, 
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SOCIAL LIFE AMONG THE INSECTS 


By Professor WILLIAM MORTON WHEELER 


BUSSEY INSTITUTION, HARVARD UNIVERSITY 


Lecture II. Wasps SouiraRy AND SocIAL 

r the preceding lecture I gave a brief account of the rudim 

social life of certain beetles and called attention to t! 
that in all or nearly all of them the male cooperates with the | 
parent in victualing or protecting the offspring. I endeavo 
show that all these societies have their inception or raison 
in the specialized feeding habits of the parents and that 
them the food is of vegetable origin, abundant but not v 
tritious in some of the cases (dung and rotten wood 
Searabeide, Passalide and Phrenapates), in others high) 
tious, but obtainable only in small quantities at a time 
plant-tissues and honey-dew in the case of the Tachigalia beet 
ambrosia of the Ipide and Platypodide). The adequate exploitat 
of such food-supplies is necessarily time-consuming and has 
dently led to a lengthening of the adult lives of the beetles. 1 
in turn has naturally brought about an overlapping of the juv 
by the parent generation, thus enabling the parents to acquir j 
tact and acquaintance with their young and an interest in prov 
them with the same kind of food as that on which they thems 
habitually feed. In the insects which I shall consider in tl 





ture, we find a series of societies originating in a very difl 
type of feeding and leading to much more complicated and 
definitely integrated associations. 

Although the wasps have attracted fewer investigators 
the ants and bees, they are of even greater interest to the st 
who is tracing the evolution of specialized instincts and s 
habits. The wasp group is one of enormous size and is 
made up of two great complexes, the Sphecoids and the Vespoids 
together comprising more than a dozen families and some 1!) 
species. Of these only about 800 are clearly social. We hav 
or less fragmentary behavioristie studies of scarcely 5 per « 
all the species. Yet they cover a sufficient number of for 
enable us to establish the following generalizations: 

(1). The structure and behavior of the Sphecoids and Ves 


1 Lowell Lectures. 
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called 


sitie Hymenoptera, and the structure of the ants and bees 


hee) 


that they must have arisen from what have 


s that they in turn must have arisen from primitive Sphecoids 


spoids. 


' 


The social wasps comprise several groups which have 


| independently from primitive, solitary Vespoids, but there 


ul 


ilso a few Sphecoids that exhibit subsocial propensities 


3). Both the Spheecoids and the Vespoids are primarily pn 

ous and feed on freshly eaptured insects, but the adults are 

d of visiting flowers and feeding on nectar. Some social wasps 
store honey in their nests, but it is probably not an exclusive o1 


ntial eonstituent of the larval food. One small and aberrant 


rroup of solitary Vespoids, the Masarine, however, provision their 
ells with a paste of honey and pollen, like the solitary bees. The 

sect prey on which at least the young of nearly all the wasps 
subsist, being extremely rich in fats and proteids, is an ideal food 
but has to be provided in larger quantity than such coneentrated 
vegetable substances as pollen and nectar. It is also seareer and 
more difficult to obtain. Henee the definite tendency n adult 


wasps towards a honey regimen at least for the purpose of eking 


out the primitive animal diet. 


+). We are able to observe in the social wasps more clearly 


than in other social insects the peculiar phenomenon which I have 
food between 


called ‘‘trophallaxis,’’ 7. e., the mutual exchange of 


adults and their larval young. 
5). The study of the wasps and of their ancestors among the 
Parasitic Hymenoptera furnishes us with a key to the understand 


ng of parthenogenesis and the peculiar dominance of the female 


sex (gynarechy) which is retained throughout the whole group 
of stinging Hymenoptera (wasps, bees and ants 
6). In the social wasps we witness the first gradual develop 


ment of a worker caste and also of polygyny and swarming. 


7). We observe in wasps a high degree of modifiability of 
2 


behavior and an extraordinary development of memory, endow 


‘a degree of 


higher 


ments which have led MeDougall to claim for them 
the 


mammals) approaches most nearly to the human,’’ 


ntelligence which (with doubtful exception of the 


and Bergson 
T point to thei 4 activities as one of the most telling arguments in 


Although I 


it these and many other authors have been guilty of some exag 


I believe 


vor of his intuitional theory of instinct. 
geration the wasp’s psychic powers compared with those of most 
r insects or even of many of the lower Vertebrates seem to me, 
ertheless, to be sufficiently remarkable. 

We shall have to examine each of these generalizations more 
sely. Some of them may be considered forthwith, others more 
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advantageously after the description and illustration of 
series of species. 

Recent studies of the parasitic, or as I prefer to call t} 
O. M. Reuter, the ‘*parasitoid’’ Hymenoptera, have rey: 
tain peculiar traits which recur in a modified form in the 
of their Spheeoid and Vespoid descendants. But what 
parasitoids? You are all familiar with the fact that a la) 
ber of insects regularly lay their eggs on or in plants 
the hatching larve devour the plant tissues and eventually 
and emerge as insects which repeat the same cycle of 
There is, however, another immense, but less conspicuous 
blage of insects that lay their eggs on or in the living ege 
pupe and adults of other insects, and the eggs thus di 
develop into larve which gradually devour the softer tiss 
which they happen to find themselves. Species that behav: 
manner are not true parasites, but extremely economical pri 
beeause they eventually kill their victims, but before d 
spare them as much as possible in order that they may 
to feed and grow and thus yield fresh nutriment just 
needed. For this reason and also because, as a rule, only th 
insect behaves in the manner described, it .is best ¢ 
‘*narasitoid.’’ The adult into which it develops is, in fact 
highly organized, active, free-living creature, totally devoid 


of the stigmata of ‘‘degeneration’’ so common among p: 
and with such exquisitely perfected sensory, nervous and 
lar organs that it can detect its prey in the most intric 
vironment and under the subtlest disguises. 

The parasitoids exhibit another peculiarity which was ci 
to acquire great importance in their descendants, the wasps 
and ants, namely, parthenogenesis, or the ability of the 
to lay unfertilized eggs capable of complete development 
rule, if not always, these parthenogenetic eggs develop into 
whereas fertilized eggs laid by the same female develop int 
viduals of her own sex. Thus the female has become to som: 
independent of the male in the matter of reproduction. | 
be seen that if the parthenogenetic egg were able to develop 
female, as it frequently does in certain insects like the pla 
the male might become entirely superfluous. There are a 
sects in which this has occurred or in which the male appears 
at infrequent intervals in a long series of generations. but 
ters have not come to such a pass in the parasitoids or in th 
bees and ants, though these insects have perfected another 


of reducing the male to a mere episode in the life of the 


Individuals of this sex are provided with a small muscular s 
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theea, which is filled with sperm during the single act of 

and this sae is provided with glands, the secretion of which 

ep the sperm alive for months or even years. According to 

rally accepted theory, the female can voluntarily contract 

ll of her spermatheea and thus permit sperm to leave it and 

the eggs as they are passing its orifice on their way to being 

she can keep the orifice closed and thus lay unfertilized 

The mother can thus control the sex of her offspring or if 

is failed to mate, or has exhausted all the sperm in her 

matheea, may nevertheless be able to lay male-producing eggs. 

seems also to be something compensatory, or regulatory, in 

s ability of the female parasitoid to produce males partheno 

etically, for if she be unable to meet with a male—and this 

licament is very apt to arise among such small and widely 

lispersed animals as insects—she can produce the missing sex and 

is inerease the chances of mating for the next generation of 
nales. 

Certain facts indicate that the sex of the egg may not be deter 

mined in the manner here deseribed, but their consideration must 

be postponed till they can be taken up in connection with the 

honey-bee. We are justified, notwithstanding, in regarding the 

emale parasitoid, wasp, bee or ant, after she has appropriated 


and stored in her spermatheeca all the essential elements of the 


male, as a potential hermaphrodite. The body, or soma, of the 
male, after mating, thus really becomes superfluous and soon 
perishes. In the solitary wasps the male is a nonentity, although 
a few species he may hang around and try to guard the nest. 
But in the bees, ants and social wasps he has not even the status 
of a loafing policeman, and all the activities of the community are 
carried on by the females, and mostly by widows, debutantes and 
spinsters. The facts certainly compel even those who, like myself, 
re neither feminists nor vegetarians, to confess that the whole 
d of evolution in the most interesting of social insects is towards 
ever increasing matriarchy, or gynarchy and vegetarianism. 
Now if we carefully observe a parasitoid while she is ovi 
siting in her prey, we obtain a clue to the meaning of the peculiar 
behavior of the solitary wasps which has led Fabre to certain er 
is conclusions and philosophers like Bergson to his peculiar 
rpretation of instinct. The parasitoid is furnished at the pos 
end of her body with a well-developed ovipositor, a slender, 
{ instrument for piercing the tough integument of her vie 
. 1 But this instrument also has another function, namely, that 
King punctures through which droplets of the victim’s blood 


ude and be devoured by the parasitoid. She may often be 
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seen thrusting her ovipositor into her prey without ovipos 
merely for the sake of obtaining food, or she may feed at 
ture she has made while ovipositing. Obviously feeding 
position are here congenitally, or hereditarily conditioned 
to use Pawlow’s expression. In other words, the inter 
and reproductive stimuli, or appetites, are so intimately as 
with one another that mere contact with the prey releas 
the feeding or the ovipositing reactions, or both. And, o! 
both of these reactions are purely selfish, the one being 
with getting food, the other with getting relief from th 
fort of egg-pressure in the ovaries, and both may initiate « 
trains or patterns of behavior (instincts). This is true 
of the parasitoids but also of insects in general. 

Turning now to the solitary wasps we find that, ¢| 
parasitoids, they prey on other insects and that each s; 
wasp usually has a predilection for a particular species (| 
and 19), genus or family of insects, or even for a | 
sex, as in the ease of one of our common wasps, Aph 


frigidus, which preys only on queen ants. The chief 





FIG. 18 
Dolichurus stantoni of the Philippines dragging a young cock: 
bisignata) to her burrow. x 6 (After F. X. Willia: 
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Fit 19 
nale of a Bethylid wasp Epyris extraneus, of the Philippines; B re 
beetle, Gonocephalum secriatum; C. Larva of the same wit! oe ‘ 
meus on middle of ventral surface; D. Young EF. extra lat feed 
the larva of G. seriatum; E. Later stage of same Pars f 
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the parasitoid and the solitary wasp lies in the fact that 
tter lays her egg on or near her victim after stinging it 
s motionless. The sting is merely the ov Ipositor wh ch is 
sed only for defence or for reducing the prey to impotence 
the mouth-parts and especially the mandibles are used for 


ng food. Many solitary wasps, after stinging their prey, 


re 


-<«< o ER) A 


extraneus; G. Cocoon of same. (After F. X. Williar 
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devour it in part or entirely, or chew, 2. e., malaxate, its 
lap up the exuding juices. This behavior is essentially 
of the parasitoid, and in its more frequent, feebler mar 


may be regarded as a vestigial feeding. The adult y 


longer as carnivorous as its ancestors, because she has eo) 
to some extent on the energizing nectar of flowers. but 
stance contains no proteids and is therefore an imprope) 
her growing larval young. Roubaud and Rabaud hay 
shown that the stinging of the prey follows reflexly as s 
has been seized and comes in contact with the wasp’s ster: 
that the accidental position of the prey when it thus re! 
reflex determines the point where it will be stung. More 
stinging is repeated till the victim ceases to struggle and 
motionless. Hence the stinging does not occur in the s 
manner nor necessarily in the nerve ganglia, as deseribed | 
It has also been shown that the venom introduced into th: 
of the prey by the sting produces paralysis or even death 
acts as an antiseptic in preserving the prey from decom 
for weeks or even months while the larva that hatches f) 
wasp’s egg is feeding on the tissue, but these properties 
venom are accidental and unforeseen. Hence Fabre’s and B 
contention that the solitary wasp is a clairvoyant surgeo: 
an intuitive knowledge of the internal anatomy of the part 


insect on which it preys, may be dismissed as a myth. 





Sphex procerus carrying caterpillar of sphinx moth to her. burrow 
graph by Prof. Carl Hartman). 
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; 


xplanations here given of the malaxation and stinging of 


are purely physiological, but it is not at all certain that 
lanations are applicable to the entire behavior evele of the 
wasp. Before enquiring into this matter, it will be advis- 
sketch very briefly the behavior of a typical Sphex as a 
of the whole group of Spheeoids and solitary Vespoids. 

iale Sphex, after mating, digs in sandy soil a slanting or 
licular tunnel and widens its end to form an elliptical 
She may thereupon close the entrance, rise into the air 

in undulating spirals over the burrow, thus making what 

1 a ‘‘flight of orientation,’’ or ‘‘locality study,’’ because 
ibles her to fix in her sensorium the precise position of the 
y in relation to the surrounding objects, so that she may find 
tt again. Then she flies off in search of her prey, which is 
eular species of hairless caterpillar (Fig. 20). When it is 
she stings it into insensibility, malaxates its neck, while 
the exuding juices, and drags it or flies with it the 
of her burrow. Here she drops her vietim and, after 

¢ and inspecting the burrow, returns and takes it down 
the chamber, glues her egg to its surface and closes the burrow 
filling it with sand or detritus collected from the surrounding 


Figs. 21 and 22). As soon as the next egg matures in her 


iries she proceeds to repeat the same behavior cycle at some 


In the meantime the provisioned egg hatches, and the 


er spot. 


erus carrying chips of wood to throw into the burr 
of the figure. (Photograph by Prof. Carl Hartman 
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j 
I 


nowimneg 


larva, after devouring the helpless caterpillar, spins 
pupates mm situ and eventually emerges as a perfect Spl 
Some of our species of Sphex actually tamp dow 
of their burrows with a small, carefully selected pebb) 
the mandibles and used as a hammer or pestle (F 


FIG. 23 


hex urnarius using a selected pebble to pound down eart 
(After G. W. and E. G. Peckham). 
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¢ behavior, which has been carefully observed by no less 

investigators (Williston, Pergande, Geo. W. and E. G. 

Hartman, Hungerford and Williams, and Phil. and 

Rau) ean hardly be reduced to simple physiological reflexes. 

» would seem to be true of the orientation flight and re- 

the burrow and the fact that some species of Sphex provide 

with a single large caterpillar, others with several small 

lars. but in all cases with just enough food to enable the 

to grow to the full stature of a normal individual of its 

The question also arises as to the proper interpretation 

peculiar predilection of the wasp for a particular species 

prey. This seems to be the more inexplicable, because experi- 

ment has shown that the larva ean be successfully reared when 

some very different insect is substituted for the species which it 

habitually devours. As I am emphasizing the role of nutrition 

these lectures, I shall digress somewhat on this question of 

food specialization and in order to bring the matter before you as 

vidly as possible recast the behavior of Sphex in the form of a 
ragic drama in three acts, with the following brief synopsis 

Aet I. A sandy country with sparse vegetation inhabited by 

erpillars and other insects. Time, a hot, sunny day in early 

gust. Seene 1. Miss Sphex arrayed in all the charm of maiden- 
being courted by Mr. Sphex. Wedding among the flowers. 
cene 2, Mrs. Sphex deserted by her seatter-brained spouse settles 
lown and exeavates a kind of eyclone-cellar. She closes its door 
nd leaves the stage. 

Act II. Seene 1. Same as in Act I. Mrs. Sphex, hunting 
n the vegetation, finds a caterpillar, struggles with it, stings it 
and gnaws its neck till it lies motionless. Scene 2. She drags it 
nto the cellar and placing her offspring on it behind the scenes, 

turns and at once leaves the stage after locking the door, amid 
i storm of applause. 

Act III. Seene 1. Interior of Mrs. Sphex’s cellar. Baby 
Sphex slowly devouring caterpillar till only its skin remains. Seene 
2. Baby Sphex, now a large, buxom lass, weaves an elaborate 
ghtgown for herself and goes to bed as the curtain falls. 

As a work of art this drama is defective, because the climax, 
he stinging of the caterpillar, falls in the early part of the second 


iba 


, and beeause the heroine leaves the stage soon afterwards for 


} 


rood, as if she had been suddenly taken ill and had to substitute 


her drowsy offspring to perform the whole third act. Still this is 


the sequence in which the drama is related by all the observers, and 


ve presented my account in the same manner, because it has un- 
lable advantages. But see what happens when we rearrange 
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the drama by making the third or last act the first, a) 
and second the second and third, respectively. There is 1 
one heroine who holds the center of the stage througcho 
formanee. We witness her gradual growth and develop 
infaney during the first aet, her wedding, desertion an 
eavating exploits during the second, and the thrilling 

ing and entombment of the hereditary victim in the 

I have just committed the unpardonable sin of | 
the wasp, but being desirous of making my point perfect 
am going to do something still more scandalous and ask 
moment to vespize the human being. Suppose that t! 
mother were in the habit of carefully tying her new 
to the arm-pit of a paralyzed elephant which she had k 
huge cellar. The baby—we must, of course, suppose t] 
girl baby—is armless, legless and blind, but has bee: 
powerful jaws and teeth and an insatiable appetite. 
circumstances she would have to eat the elephant or 
posing now that she fed on the elephant day after day 
naps till only its tough hide and hard skeleton were left 
she then took an unusually long nap and awoke as a n 
winged, strong-limbed amazon, with.a marvellously kee: 
smell and superb eyes, clad in burnished arnior and with a | 
lance in her hand. With such attractions and equip: 
could hardly expect her to stay long in a cellar. She would 
break through the soil into the daylight. Now suppos 
pened to emerge, with a great and natural appetite, in a 
garden, should we be astonished to see her make straight 
elephant house?’ Why, she would recognize the faintest 
elephant borne to her on the breeze. She would herself 
sense, merely a metabolized elephant. Of course, we sh 
startled to see her leap on the elephant’s back, plunge | 
into its arm-pit, drag it several miles over the ground, 

a cellar and tie her offspring to its hide. 

The point I wish to make is this: We have all along 
accounts treated the life-history of the insect as that of 
viduals in such a manner as to obscure or obliterate the ex) 
of the individual. We begin with the full-fledged insect 


ing from the blue, and then deseribe her behavior as if 


pure inheritance or improvisation. But when we desc! 


activities as those of a single individual from the beginning 
development to death, we find that the adult female, bet 
begins to make and provision her nest, has probably learn 
thing from her long and intimate larval contact with the « 
ment. For months she has inhabited a chamber like th: 
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vate or build for her own progeny, for days she has been 

¢ a particular species of caterpillar and she has eve 

nt distance through the soil to be familiar with its pr 
she possesses, therefore, a certain amount of acqua 

and with eaterpillars. That this should persist 

ot only possible but extremely probable whe 

at the central nervous system of the larva passes 

d change into that of the adult wasp and that the 
mmistakable evidence of possessing a remarkable memory 
she makes such locality studies as have been described and 


ns to her nest or prey after an absence of several hours or 


lavs. We are also enabled to understand why the wasp ¢o1 


es her attention To a particular species or even to one sex of a 
s while searching for her prey, and why the malaxation or 
ation of the prey may be regarded as a reminiscent act of 
In brief, all those activities of the adult Wasp which 
tly or wholly interpretable as a repetition of larval behavior, 
nav be attributed to memory—not in the sense of recollection, with 
ts feeling of ‘‘pastness,’’ but of mere sensory and motor memory, 
memoria sensitwa of scholastic writers, or the ‘‘associative 
nory’’ of comparative psychologists. 
But there still remain unexplained the more striking activities, 
se performed for the first time in the wasp’s life-history, namely 
eocoon-spinning of the larva, the making, closing and opening 
the nest, oviposition, ete. No doubt these acts are all initiated 
stimuli, partly internal and partly external, such as hunger, 
‘tension of accumulated silk in the spinning glands, of eggs in 
- ovaries, hormones in the blood, and olfactory and tactile im- 
pressions from contact with the caterpillar and the soil, but the 
reeling off of the train of these purposive responses must depend 
n inherited dispositions in some way correlated with the structure 
the nervous and muscular apparatus. And we must suppose 
that these dispositions somehow represent the experience of untold 
former generations of wasps. We are, however, unable to form 
any adequate coneeption of the extent of the racial experience of 
the solitary wasps as a group and therefore of the amount of con- 
lensation or syneopation with which it is epitomized in the be- 
havior of the individual wasp, and this disability on our part 1s 
largely responsible not only for the old supernatural conceptions 
‘ Instinet but also for theories like those of Bergson, the Neodar- 
Winians and the mutationists. 
We may now turn to the evolution of social behavior, which, 
liverging lines of descent, has been gradually evolved and per 
| from such a method as that employed by most of the 
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Sphecoids and non-social Vespoids. This method, whic! 

in rapidly accumulating an amount of prey sufficient to 
young to develop to maturity and of then closing the . 

the egg has hatched, we may designate, with Roubaud 
provisioning.’’ We have seen that in some cases the m 
stores a single large insect, in others a number of sma 
before closing the eell. If in the latter case the accumu 
the prey is delayed on account of searcity or inclement 
the egg, which has been glued to the first small insect 
hatehes before the mother wasp has succeeded in collect 
ficient supply for the growth of the larva. She is therefor 

to feeding her offspring from day to day, +t. e., to what R 
ealls ‘‘ progressive provisioning,’’ a method which is seen 
species of Sphex and Lyroda (NS. politus and L. subita, a 

to Adlerz) and probably also in Aphilanthops frigidus, ac 
to my observations. But the best examples may be observed 
the digger-wasps of the family Bembicide, on which w 

a number of valuable studies by Wesenberg-Lund, B 
Marchal, the Peckhams, Hartman, Riley, Melander, Ferto: 
Adlerz, the Raus, ete. While our large cicada-killer (Sp) 
speciosus) provisions its burrows with a single cicada, lays 
on it and closes the cell, thus practicing typical mass provis 
some other Stizine and many species of Bembix and allied 
proceed in a different manner. These insects live in ope 
places, often in rather populous and eompact congreg 
though each female makes and provisions her own burrow 
prey of each species of Bembix consists of the common two 
flies of her environment, without regard to the species. T! 
stung to death but not mutilated. After the burrow is ex 
the wasp kills a small fly and after dislocating one of its 
places it on its back on the floor of her cell and attaches 
to its sternum. The dislocation of the wing is supposed by F 
to be a deviee for preventing the fly from being turned 
the very delicate young larva and thus insuring it against 1: 
contact with the rough, sandy floor of the cell. The mot! 
leets flies and brings them into the burrow from day to 
tually increasing the size or number of the victims as t! 
needed by the growing and increasingly voracious larva. At 
one Eurepean species of Bembix (B. medsterraneus), acco: 
Ferton, lays her eggs on the floor of the cell before bringin: 
flies. Instead of flies, the species of Bicyrtes and Stizus p 


their young progressively with bugs or leaf-hoppers, a! 


our species (Microbembexr monodonta), according to Hi 
Parker and the Raus, feeds its young on all sorts of sn 
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nsects (grasshoppers, beetles, flies, mayflies 


ip from the soil. 


several of the solitary Vespoids we find very similar 
ns and these are of more immediate interest to us because 
ip of inseets has evidently given rise to the true social 
[he numerous species of Eumenes and Odynerus ( Fig. 24 
is the allied genera, either excavate their burrows in the 
or take possession of the tubular cavities of twigs or the 
es of walls, or construct exquisite mud cells above ground 
surfaces of rocks, trees or walls. After the cell is completed 
s hung by a filament from its ceiling. Numerous small, 
paralyzed caterpillars are then brought in and the cell is 
This is, of course, typical mass provisioning. But Roubaud 
served some very significant modifieations of the process 
tain Congolese species. Of one Odynerus O. tronicalis 


es the following account: ‘‘This little Odynerus does not 


; ’ 
rsaits 


ges in the mud nest of Odynerus d 
being stored with small caterpillars; B. Nest 
wasp resting in a new cell made on the previ 

ll epened to show the wasp larva feeding on caterpillar 


ing holes made by the escaping wasps. (After Carl 
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provision its cells with prey amassed in advance, but 
its larve from day to day, with small, entire, paral; 
pillars, which are always given to the larva in very s 
bers, till its growth is completed. The egg is never wa 
the cell with provisions hastily amassed. The wasp, to 
what I have been able to observe of its edueative proc 
having laid her egg, watches it within the cell after th: 
the higher species of Synagris till it hatches. As 

is brought to the egg only at the moment of hatching 
before, and usually a single small caterpillar, rarely two 
three, is found placed at the disposal of the just-hate 
Pari passu with the growth of the latter the prey is r 
always in small numbers. Sometimes the larva may be se 
in the cell while the mother wasp is away in searc!} 
Finally, it is only after its feeding has been completed 
larva is immured in the eell. In no ease did I obser\ 
cells containing larve the slightest trace of provisions 
more interesting are the species of Synagris referred 1 
quotation. In several of them Roubaud found the foll 
ditions, representing transitions from mass to progress 
visioning : 

The female of Synagris spinivertris (cited as callid: 
baud) and callida (cited as sicheliana) under normal co: 
i. e., When food is abundant, lays an egg in her mud cell, fills 
the course of a few days with small paralyzed caterpillars. s 
times to the number of 60 (!) and then closes it, thus 
the usual or ‘‘banal’’ method of mass provisioning. W! 
ever, owing to seasonal or climatic conditions, caterpill: 
scarce, the female, after ovipositing and guarding the egg 
time, collects a meager provision of small ecaterpitlars 
hatching larva and while it is growing, continues to feed 
the same manner. After the. larva has attained three 
of its adult size, the wasp immures it in its cell with the last s 
of provisions. As Bequaert remarks, ‘‘in S. spiniventris, | 
sive provisioning is still optional, and one observes all th 
tional stages between this behavior and the normal pri 
in mass. The mother wasp shows great skill in adapting h 
to the external conditions.’’ According to Roubaud anoth 
of Synagris (S. cornuta), proceeds a step further (Figs 
26). The female, after completing her earthen cell, lays 
on its floor and when the larva hatches feeds it from da) 
with pellets made of a paste of ground up caterpillars. 


precisely the method employed by the social wasps in fee: 


larve ! 
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FIG 
nests of Synagris cornuta on the thatching of 
{ these nests show very distinctly the 


| 


opening curved to the side and downwards 


t the entrance of the cells containing eggs 


male.” (After J. Bequaert from a photograph 
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A step in the direction of the social wasps seems als 
been taken by a small group of solitary Vespoids, alli: 
Eumeninew, namely the Zethine. These insects, which | 
studied recently in Brazil by Ducke, in British Guiana b 
and in the Philippines by F. X. Williams, have aband 
use of earth as nest material and employ instead smal! 
leaves or moss (Fig. 27). With such vegetable materia 
constructs a beautiful nest with one or several tubular 
therefore approaches the social wasps which make thei: 


paper, a substance consisting of fine particles of wood agg 


with an oral secretion. The egg is laid loosely in the bott: 
cell and, according to Williams’ account of the Philippin 
cyanopterus, the larva is fed from day to day on small eat: 
which have been in part eaten by the mother. She 
guards the larva and, while it is small and there is st 
room, sleeps in the cell. She closes the latter as soon as 
is full grown and proceeds to build another. 

Each of these cases of progressive provisioning may b 
as a very primitive family, or society, reduced to its simples 
i. e., to a mother and her single offspring. The seasonal 
conditions of the environment, in so far as they affect 
dance or seareity of prey, have led on the one hand to mas 
visioning and therefore to an exclusion of the mother fr 


with her growing offspring, and on the other to 


FIG. 26 
Mud nest of Synagris cornuta var. flavofasciata with mother w 
J. Bequaert from a photograph by H. O. Lang) 
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FIG. 27 
Zethus cyanopterus of the Philippines and its nest. A, Adul 
the beginning of a cell. It is attached to a twig by a mass « 
leaf-bits and the wall of the cell is made of shingled leaf 
enlarged); C, the first cell of the nest completed x %;/ 
showing roof-like structure and one emergence hole x 


Williams ) 


of that very contact. This, again, has developed an immediate 
interest of the mother in her young comparable with what we ob- 
serve in many birds. Probably this interest is aroused and sus- 


tained in the mother wasp by simple, pleasurable, chemical (odor) 


or tactile stimuli emanating from the egg and larva, but whatever 
be the nature of the stimuli involved, I believe that we shall have 
to admit that the egg and the larva have acquired a ‘‘meaning’’ 
for the mother wasp, and so far as the egg is concerned, this seems 
to be true even in the species that practice mass provisioning. 
We noticed that many solitary Vespoids (Eumenes, Odynerus 


before they bring in their prey, carefully attach the egg by a string 
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to the ceiling of the cell. This singular performance 
variously interpreted. Fabre and others regard it as a 

preventing the delicate egg from being crushed by th 
packed and sometimes reviving prey, on the same princip 
a crowded room an electric light bulb attached by a eco: 
ceiling would be less easily crushed than one rigidly fix: 
walls or the floor. Others regard the filament as a device 

ing the egg free from the occasionally very damp walls o! 
Ferton has recently shown that Bembix mediterraneus 

slender egg to the floor of the cell in an erect position and 
base carefully supported by a cluster of large sand-gra 


98 A). and that Stizus errans glues its egg in a similar 


A Mh 


A 
z 
> . ; 


a femnit ay: ‘e 

FIG. 28 
Ege of Bembix mediterraneus with its base su 
» sand-grains ; re cf Stisus errans glued to 


carefully selected pebble. (After C. Ferton 


to the top of a small, carefully selected pebble placed on t! 
of the cell (Fig. 28 B). Parker’s description of the egg 
Microbembex monodonta seems to indicate a condition sin 
that of B. mediterraneus. In all these cases we seem to ha 
arrangement for keeping the very easily injured egg as free 
sible from contact with the rough, sandy walls of the burrov 
even the Sphecoids and Psammocharids, which practice mass 
visioning, attach the egg to a particular part of the victim 
such a position that the hatching larva can attack it at 
vulnerable point. Ferton, especially, has made a very int 
study of this type of behavior. 

The following facts also indicate very clearly that the 


wasp may be aware, not only of sexual differences among lh 





eggs but also of the differences in the amount of food requ 
the resulting larve. Bordage, while investigating the Sp 
of the Island of Réunion, found that three of the species. / 
argentatum, Trypoxylon scutifrons and T. errans, could be 


induced to make their cells in glass tubes placed betw 
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pamphlets of his library. The Pison, under natural 
builds elliptical clay cells and provisions them wit! 
whereas the species of Trypoxylon nest in hollow twigs 
interstices of wall but use the same kind of prey. 
species adapted themselves to the glass tubes in the san 
Each of them plugged the end of the tube with elay and 
the lumen into successive cells by building simple clay 
across it. After the cells had been provisioned, Bordag: 
that the first of them were longer by half a centimete: 
tained more prey than those provisioned later, and he wa 
show that the larve in the larger, more abundantly p: 
cells produced female, the others male wasps. Similar obs 
have also been published by Roubaud on the Congolese 0 
(Rhynchium) anceps, which makes elusters of straight 
galleries in clay walls and divides each gallery into se\ 
by means of clay partitions. In this ease also the first 
much longer than the later, though there is no differe 
quantity of small caterpillars allotted to the different 
Roubaud was able to prove experimentally that even 
amount of food is so greatly decreased that the larva 
adult wasps of only half the normal size, their sex is nev: 
in no wise affected. It would seem therefore that the mot! 
must discriminate between the deposition of a fertilized 
producing and that of an unfertilized, male-producing 
regulate the size of the cell and in some instances also th 
of provisions accordingly. 

In the accompanying diagram (Fig. 29), taken from Du 
somewhat modified, I have indicated the hypothetical fam 
of the solitary and social Vespoids. The genera below t} 
horizontal line are solitary, and among them Eumenes 
Odynerus seem to be nearest to the original ancestors 
they are very similar to the social forms in having longit: 
folded wings and in other morphological characters. It 
seen that there are six independent lines of deseent to th: 
forms above the heavy line and that the genera plotted at | 
levels represent various stages of specialization as indic 
the nature of the materials and types of structure of th 
With the doubtful exception of a few Stenogastrine, all t! 


wasps make paper nests consisting wholly or in part of 


more combs of regular hexagonal cells, in which a number o! 
are reared simultaneously. 
(To be continued) 
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NATIONAL COOPERATION 
INTELLECTUAL WORK 
have been taken toward the 
of a committee of the 
international! 


work. 


have 


of Nations on 
on in intellectual 
if the twelve members 


winted and as none of them 


) , is expected that 
incy will be offered to an 
scholar. 
ittee so far 
Henri 
her and author of 
on’’; Madame 


radium; 


chosen con 
sergson, the Frene h 
** Creative 
Curie, the 


Albert 


mathematician 


liscoverer of 

the German 
opounded the theory of rela 
Gilbert Murray, professor of 
it Oxford; Miss Bonnevie, pro 


if zoology at Christiania; 
Bannerjee, professor of polit 
onomy at Caleutta; A. De Cas 
faculty of the 


if the medical 


sity of Rio de Janeiro; J. 

former minister of science 
rt in the Belgian eabinet; G. De 
nold, professor of French litera 
at Berne; F. 


ecclesiastical law at 


Ruffini, professor 
Turin, and 
De Torres Quevedo, director of the 
ctro-medical laboratory of Madrid. 
The first meeting of this committee 
set for August 1, and a prominent 
sition on the program of work out 
is given to measures that will 
tate the interchange of scientific 
formation and the development of 
education in the countries par 
ting. 
th regard to the organization 


tellectual work from an inter 


standpoint the report adopt 


ie council of the League of 


ns when the committee on inter- 


ted by Watson Davis, Science 


national cooperation in 


work was organized says 

We are all agreed tha 
of Nations has no task 
than that of 


factors of 


examining 
international 
systems aid methods of 

scientific and 
It would be 
should 


philosop! ‘ 
unthinkablk 
endeavor 


ange 


league 


the means of exel 


h 


products without also end 
icilitate the 
of ideas. No associati 
can hope to exist without 
intellecti 


tween its memopers 


internatio 


of 1 vrocal 


For example, it is clear to all how 
much the league would benefit by any 
new m which by est 

definite paral 
the diplomas of the vari 
and re | 
chairs between 
nationalities 
active 


asures Dblishing 


sm between 


a more 
countries 
more frequent ¢ ang ot 
professors of various 
would lead 
interchange of teacl and 
students still 


would res trom 


more 
between nations 
benefit 
which permitted 
rapid and more accurate con 
tion of all work undert 
taneously in the field of 


greater 


measures more 


iken simul 
scientine fr 
world 
There is no question of detracting 
from the originality of national 
workers whose very dive rsitVv 1s 


re 


search in various parts of the 


essen 
tial for the general progress of ideas 
On the contrary, the 

able each of these national 
to develop his ideas with g eC! 
and vitality, by t possible 
for him to draw more ful 1 1 the 


meth 


object is to en 
thinkers 
torce 


making 
common treasure of knowledg: 
ods and discove ries, 

As a 


League of 


work I the 
Nations, a ‘‘ Han 


International Organizations’’ 


part of the 


cently been issued, which 


societies, associations, bureaus, com 


mittees and unions, ali of them inter 


national in some aspect It is an 


interesting collection of re ligious, 


scientific and other sorts of organiza 
tions, the international association 
interested in lawn tennis being listed 


meteorological 


with the entomological, 
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PROFESSOR SANTIAGO RAMON Y CAJAL 


The distinguished Spanish histologist who retires from the ce] 


and pathological anatomy at the University of Madrid 


seventieth year. 
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Such a | Swiss plan 
is a necessary preliminary mittee on calendar 


tivities of the committee on fixed calendar plan, recs 


cooperation in intellee to take action on the matter 


The question of ealenda 


was take n up at i rit 


CALENDAR REFORM International Association 
Mm of the ealendar has been emiles Petersbu 
scussed during the past decade | 2" l i ! was 


that 


for the inconveniences and 
sistencies of the present ealen rela 
obvious. plification 
two schemes which are recely ixing or the 
largest amount of attention ommittee would 
international fixed calendar in 1916, but for 
i the Swiss plan. discussion of this 
former, first publicly proposed the iat 
Moses B. Cotsworth of Vancouver 
1894, provides for thirteen months 


vear, with twenty-eight days 
month, every date being at 
a resolution 


to the same day of the week 


ery month. New Year’s Day of the worl 
endar Thre 
Congresses of Chambers of 


ero day called January 0, and 
full holiday. The extra day in 
vear is a similar holiday inserted have given expression 
sire. Finally, just 


0. The extra month, which, 
does not add to the actual break of the world war, 
of the year, is introduced be tional Congress on the R 
June and July, and is called Calendar held its sessions 
Easter is to be fixed by the and not only agreed 
ristian churches on some date he tion of a universal and 
een March 21 and April 26, this 


ibilizing an event whose drifting mal 
been convoked in Switzerlan 


endar but also made pla 


eonference, which 


ses inconveniences and losses in 
isiness and social life. invitation of the Swiss 
The Swiss plan has been advocated but was never held 

g In the future there 
side each New Year’s Day and each 
eap-year day as independent legal iv 


lavs. The other 364 days are easily as standard 


rely by astronomers. It also sets 
conference of nations 

new and more logical 
time 
led into four quarters of 91 days lished by an international 
each quarter containing one at Washington about forty 
of 31 days and two months of 
8, thus keeping twelve months INVISIBLE SUN-SPOTS 
Dr. GEORGE ELLERY HALE, dire: 


W lson Observatory 
l , 


present. 


nternational fixed calendar of the Mount 


ently received the unanimous has announced the discovery of invis 


| of a convention held in ible sun-spots. In 1908 Dr. Hale 


ore 
- 


yton by those interested in found that a sun spot is 
reform. The American sec ing storm, similar to a 
the International Astronom- | tornado, buf on a gigantic se: 


after considering both the vastly larger than the earth 
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the hot solar gases, caused 
ifugal action of the whirl, 
sufficiently to produce the 
of a dark cloud, which 
sun-spot. If this cooling is 
nough to produce a visible 

¢ of the surface, the whirl 
ay still be present, though 

to the eye. Such invisible 
now been detected by 
ignetic effect on the light 


the luminous vapors within 


fields in visible sun-spots 

st found by Dr. Hale in 1908. 
lue to the whirl of electri 
ticles in the spot vortex, just 
nagnetie field of an electro 


is produced by the whirl of 


ns through its wire coils. The 


} 


ield in a sun-spot is recog 
the effect it produces on the 
the spectrum. A line due to 
or, for example, is split into 
irts by the powerful magnetic 
large spot. In a very small 


ere the magnetic field is much 


, the line is not split up but is 


wit ened. 


sible spots were diseovered by 


‘ 


promising regions of the 


here signs of disturbance, such 


le or clouds of calcium vapor, 


esent. A special polarizing ap- 


; 


tus moves back and forth across 


, while the iron line is watched 


h a very powerful spectroscope. 


resence of a weak magnetic 


showing the existence of an 


ess 


spot, is betrayed by a slight 


tion of the corresponding part 


line, caused by its widening 
vely to right and left as the 


ng apparatus oscillates over 


nvisible spots have been found 


November by this method by 


Hale, Ellerman and Nichol 
h the 150-foot tower telescope 
foot spectroscope on Mount 
Some of them foreshadow the 
a visible spot, which finally 
to the eye several days after 





the first indications of the 

been found. Others corré sp 

period of decay, and pern 

to be traced for some time 

ceases to be visible. In oth 

the invisible spot never reac 
turity, which means that the ecoolin 


produced by expansion never becomes 
great enough to produce pereeptibl 


darkening of the sun’s disk 


TWINS AGAIN 

THE popular interest in 
seems to have considerable vitali 
Every year brings into the public 
press and magazines some news item 
or article concerning multiple births 
Just a year ago the whole country 
was stirred by the announce 
the birth of quadruplets 
Haven, Connecticut. (By the 


they have all passed their first | 


lay). Recently the newspapers car 


ried full accounts of the death of the 


-onjoined Blazek twins of Chicago, 
recalling the older days when the 
Siamese twins were in the prints and 
broadsides. Now comes Los Angeles, 
with photographic evidence that in 
one school building are enrolled is 
many as nine pairs of twins And on 
the heels of the Citv of Angels comes 
the Oity of Churches, Brooklyn, with 
a contingent of ten pairs of twins, all 
attending Public School 77 
statistician may soon find for 
rural school in which 30 per cent. or 
more of the entire enrollment are 
twins. 

After all, twins are more common 
than we ordinarily suppose; and our 
interest in them far exceeds their 
rarity. Wappeus found that more 
than one child was born in 1.17 per 
eent. of 20,000,000 eases of labor 
Pre-war Prussian statistics showed 
that twins occurred once in 89, trip 
lets once in 7,910, and quadruplets 
onee in 371,125 labors. This does not, 
of course, mean that all survive. The 
hazards of birth and of both prenatal 
and neonatal life are greater for 


plural than for singular pregnancies 
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+ 


international statis 


ndieate that. multiple 


common in 


ates. We 


surprised that 


in Los 


+} 


there 


+ 


jestions. Suppose 


were playing helter 
school yard Would it 


+ ; 


a stranger to sele 


h on mar 


twins and match eael 
ppropriate eo-twin? It hap born consist 


t there is such a predom that bout two 


of same-sexed similar twins in which the members 


s could be readily done. Sup 
however, that the Los Angeles 
scrambled in the same 
wuld it be possible by in 
pair off all the twins? 
s doubtful. It would be par general 


difficult to make a confident Do resemb): 


“ase of the four chil Such a deduction 
the back row, beginning with | from the Los Ang 


rd from the left. This diffi it would not be 
brings out clearly the fact that facts Two pairs 

marked differences as well fraternal type hay pen to 
blanees between twins. We, older children in tl] gro 

, always expect at least some semblances are less marked 
family resemblance, but type. The fundamental corresp 
this may not be obvious to or ences, both physical and men 
»bservation. found in twins unquestionab! 
problem of twin resemblance hereditary basis and ar 
ssed by Dr. Arnold Gesell, secondary way affe¢ 
ssor of child hygiene, Yale Uni experience. Time ma 


n two recent articles on tive process, accentuate 
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tion of twin personalities dating from 
childhood or youth, but the primary 
differences and 


to original nature. The study of 


twins does not shake our confidence 


in the importance of education and 


though it impresses 


surroundings, 


upon us at every turn the decisive sig- 


ance of inheritance and the law 
fulness of the mechanics of develop 
ment. The popular interest in twins 
is a wholesome one, because twins are 
a key to many biological and psycho 
principles at the basis of 


log al 


human welfare 


SCIENTIFIC ITEMS 
WE record with regret the death of 
Marion Howe, 


metallurgy in 


Henry emeritus pro 


f Columbia 


esSsor ot 
University; of John Sandford Shear 
Cornell 


er, professor of physics at 
University; of George Simonds Boul 
ger, the English writer on botany; of 
Ernest Solvay, known for his process 
the manufacture of soda; and of 

A. Laveran, of the Pasteur 

busts unveiled in the 
of Fame for Great Americans at 
New York University on May 20 was 
one of Maria Mitchell, the gift of her 
Wiliiam Mitchell Kendall, 
work of Emma 8. Brigham. 
Henry Noble MeCracken, 
where Miss Mitch 


ell was professor of astronomy from 


nephew, 
and the 
President 
of Vassar College, 


1865 to 1888, unveiled the bust. 


Dr. Ray LYMAN WILBUR, president 


Stanford University, has been 


(| president of the American 
| Association for the meeting 


held 


next year at San Fran 
1E Croonian lecture was delivered 
the Royal Society on June 1, 
27 De. TF. 2 


experimental 


before 
Morgan, professor of 


zoology in Columbia 


SCIENTIFIC 


resemblances are due 


MONTHLY 
University. His subject wa 
mechanism of heredity 

Dr. W. W. CAMPBELL, 
the Lick Observatory, has 
ed president of the Internat 
tronomical Union in su 
M. Baillaud, director of th 
The 
held its triennial meeting 
May 


and will hold its ne 
in Cambridge, England 


servatory. Astronomi 


It is announced that the 
the will of Amos F. Eno 
tled out of court by the pay 
about four million dollars to ¢ 
The 1915 will, w 


been twice broken by 


University. 
juries b 
courts o1 


times upheld by 


gave the residuary estate to | 
University. The will made 
of $250,000 each to the Met 
Museum of Art, the Ameri 
Natural History, 


York Association for 


seum of 
Impro 
Poor, and 
Had the 


these 


Condition of the 
York University. 
broken 
would have received nothing. W 


they 


finally, 
receive the full $250, 
under the settlement, or wl 

tion of the total they receiv 
disclosed. The Society of M 
and Tradesmen received $ 
under the 1915 will, and had 
been broken would have 
$2,000,000 under an earlier w 
institution could not theref 
called 


order to satisfy the 


receive the full $1,800,000. 


upon to sacrifice anyt! 


heirs, 


Wer much regret that ther 
error in the inscriptions of 
trations of the note on Hesp: 
cus in the last issue of this 
Fig. 2 on page 589 is the im] 
type tooth, whereas Fig. 1 is t! 
ond molar of Hesperopithecus 


serves to confirm the first of 





